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Abstract: 

A molecular detection system for detecting the presence or absence of a molecular 
event within a test sample includes a fluid reservoir, a signal source, a measurement probe, 
and a signal detector. The measurement probe includes a probe head and a connecting end. 
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(72) ik^*} ^DH^-,S.tHS,^l. 

nl -^940 1 0*8 Bl 2. M °\*) %| v\ £2fS $H °1 1 72 1 °Ve)-e 'd H j 0 

ol ^-94 1 32€ el iu| ^a^Al ^3.°$ i-g-cl £°fl 1 

«>«.«V^,^1°1. 

°1 ^-94044?! el o>s) *1 a} ?r*ll >iSo>^-^-H.el-ol w ioq 
5.c)li pVh.^IoI. 

nl ^-9406 1 €e) o>^l^.-9-H.Al El Aj-sl-c.1 ^e e| e 735 
^1 ^-94404€eliulo>i>iEl X\ El fl-ElP}^6Ee| e 651 
(74) cflel°l y-^-a 

(54) 31 ^#<HH ^ fl-^*Kr 

•g- E|iS iSf-msl £-*r °1^!HS1 e^ll ^e*fl» ^l*Vfe 3*1 Al^^ofl % Al^^ 

SL^cf. Sflci, ^-^1 ^^7121 ^1 xflofl EfliE Afl^ofl oj^ Efl^e Aj^s. ^^ 7 |^j o_ s ^s. 

^Al?l£S. ^^Cf. °JA> Efl^E A1J:<4 Efl^E AP^O) Aj-jT^-g-O. ^2-^) E)liE Aj^S AJA^T^, ^ W^^) t fl 

e Al^sl ^S. ^-¥-1- Sl^cf. A l^£- ^ H-S-tLS] 04^. cf^-o]) 7]^^ Al^ eJ-^)«-=- ^7). 

3. i^-^, Ifta^ EfliE a] lit 3) ^p-Aj^cf. 

S. la 

tg^A-i 

-g- #«^r 1999VI io« 13^^ " -g-*} aj-^-S-sI ^l« 7fl<S-§- oj-g.*^ « 0 v^- oiel-fe ^ 

21 nl^- 7>^^A-1 #4) Afl 60/159,175 3l ^ 2000V! 3« 23^*1-3. " ^^-iflofl^i ^Afl» ^ 

H e}-^. ^^Sl 60/191,702 SSI ^-^M °1^ ^4* ^r^^. 

-B-^Ml, ^ 37lsl >$#«Hsi -§,71-^ ^/£i- »e|ai * 7 l^aj ^^s.^. ^-aIs^ ^^o| H7l ) ^^ci-. ois)- 
«*(l^.-*^>#sl 7)^- *\ ^ #el^ ^<?> o>qel- ^-7> Aj-^^^ «-a> oi^je (event)eKn. oi^e 

#^1 l£.^£r, *WQ Dfl^lXi TijsLl-^- SA^l-Jl 3J.^31. ^-^ol 71^^- 2:AVS>^ 7 ]± ^ 3^A\ ^ O. 

S-^-El, ^-Afl^ol Aj^vfl -B-iA^ofl rflSfl (candidate) ^7>§l-fe <a^^i (pre -clinical) ^r^r*!, 

el-. #ei^ ^ 71^3 ^i^- Afl-g-Tfl -aai^si 7l*a| *4i H1*t Ag^-^ ^A-^ol 
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°l*f|*rfe ?H Hr^* 71EJ- O.^^, ^ St 1 ***. -g-JE, i]^-a-S-0> ^ «3 -g-Oj: 

t=t ^^ofl ^H- ^s|«- ^2) ^(oflfe 1-<H, ^S}-^ (affinity) ^ -rV - £ = -g-(on-off rate))°1| ^SL, 



rimetric assays) « fit} ^ ^^<>1 £<>HH 71^3534. °1 

^ 71**3) tfl-^-g-^r ^ul^<a, 31^ Efl^eSI^- Afla.^ ^.g. ^ e)^>^ tjj-el 

?VS.(antUigand) #2} ^ ^^-9 iW r 7l ^sfl, ofl§ 40^ ^ a - ^ £ ( ext ent) * 1J-e|^ ^]7}^ 

*\3L7\ cfl7fl, Zl *lJrS..° el^VH. ^eRVSLofl ef-t (label) °fl fi)«H ^flt}. 7>%-# 

4!3l«* ^tb 33 # el-to] ^^*v^- tj^., n aja^^ gc- 3^2} 5.3}-^ fW^, 

« Si i^-*>^, =L ^ ^7fl» T^^Cf. =L Jf, €-^-a|, U-A}-^^, 3L±r ^ ta- 

li <* 



-|:*8«r7ll5L, 3-f-<>ll. ^-S-f!" 3.^ ^ 3 * sVi4«Hl sq-IU (label)*rfe 3°1 ^^7^14 

^^1<H *7>*aV7l^X| «>4. £?V, 3-^Ufl^( s terlc) Sl^t* <^Z] 7M o] °1 «fl , ^ °] ^o\}^ &}• 

ts] *i«B ^ ^vi- Afo)s] ^-^v* ^ ^cf. afV, olsRV »o v ^ * 5Ji 

°l»fflH2] ^S)-*V *«-o.S.^, oil* -i-ol ^-g-71 (receptor) S. 2] - A>ol S ( active _ slte) ^^--g- 

fei^q (allosteric) «1 - #^ -A>o)e ^2]. ^^-*>xl ^-S>Dj, 0)-^ ^7fl2l -f-S)) 7l 

«1 -«H1 S^Ol ^^<H] <a«.7l^ ^^>oL ^Ji* £71 S>7ll4 ♦7>^^7fl 

«>Sf ^-o], Al^Efl-i-o. u -jj=L ^-^-^ ^-^ ^-^cfl^-ofl el-iS-8: ^-^tt Si^q- £i=- ^^j-i- 

4 1 &7fl €Cr. ^ol^l Al^^iflollA^ ^^is ^ o}^e E^<a, 7]^ « ^S.(extent)2r 



^-*l, S}-( biom edical) 7^1^ ^i^-g-, ^ ^^1- 7)Ef ^-^J ^^-#4 ^ Cr<9=«- 

=r^l (water -based) £t= 71^ -^-^1^1 (fluid - based) ^e|«)- aI^eJ^) vge] ^-g-^- ^ 7fl>«d€ < a^2j < ?l 7l^V(* 
*) 7|#-g: #^^-8: ^ fl-afl H^t ^^#| a*)] (complementary) iES.fi (probe) 

Sr ^.£.3. *M ^<>H> ^rf. ^Sfl 3t¥- Afli^A^ ( cy tosolic) ^ 7]l% ^ r ^2j 

^ Aj^efl^ ^j-o. ^.^^ «-xgo)]Ai>^ ^ sa^6> §1-4. ^ -g-S-oflAi, ^o^Al ^l-o] *w ^71^ ^ 
-S-e(agonist) a^r (antagonist) ^l-^lH^l ^^5)^1^ o^«. f 2E^ ^<H^1 ^^-i-ol ^-5.^^ 

A>o]eo1] ^Sli o]ij|E7]. §>«^%^^ o>7l(marker)S.Ai2] 7]^* *W 8>^^)2f 

•s-, £^=r ^J13l S-S: ^^1 ^D" ^^#* <$*\] ^ ESEf (protocol) *0 ^-g-tJ- ^ Si^^-. 3. 7\^-8r ^t] ^ 

=r Sl°l°> S f«^«H°> ^-^r. ^^-tl- « linn ^iL« 7)2] 0.5. 

^ Sai.^-, -a^S] HV-g-* ^AlTio.5. SL^^xt ^ 5aolo> «l-4. c> D > 7 >^ cfl^-g-^ 
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cj-^ 0.5. -g-Alofl -g.A}.g. ^AlsVfe ^ '^(<>1«I 0 1 7]#S ^«fl^l7)3E ^) ^ ^ aHH* ^ a|_o S o. 

*fi» ^l^l^ ^^l«>fe ^ ^l(oHl-fr^(microfluidics) 7]#S ^SflA^lH. $M})7> <Ui}. ^ei 5)^ 

#ol ol^^ 7l<£-g- A>^-*H -M^*r£il«l, <H3H 71^ -g-o>oi|Aife ^eliqoV #5j-EH| i7ll*V^ Affymetrix, 
5Se1sqo> ^-s. °j- S ofl i^sfi; Incyte Pharmaceuticals Inc. nfll^H. q-iJH ^T^fe Human Genome Scienc 
es 7\ ?IJL, n)4^ 71^- foMr *Y3:Q ±^*}$t Caliper, *teliM<>r tf-ofl ±*m$= Ac 

lara Biosciences Inc. 7} 5icf. o]^^- ^- ^-o^a! s.§] 7 }. ^c^S)^ o.^ of| » -f-o| « s^jaj ^.^ « ^ 
tr =r^*>7l #*1 ^ H <H1" efe ^21 USPN 6,033,546 " #7l#-§- 7 r «\0£-Ml ^ 

« 0 >^ ^ ^1" e}-fe ^^2] USPN 5,126,022 ±. " *3 f>*l3S.cH eflo] ^ ^"-o]^ 
USPN 6,004.755 Jl, " cH-2j <*9£-«?-3| ^ o^oH- j^^Hr ^» o}^ USPN 5,874,219 " 

<3^tl ol^jol *3 p r ^as] ^7^1» flfc <a^u|o1^ a^" ole^r ^2J USPN 5,593,839 S 

7} SU<}. =7^ o]$)o] ^ ^ ^ 1;2 . M^S-o) ^AHTfl **|S|<H JU^, O)^- afl 

5,445,934; 5,532,128; 5,556,752; 5,242,974; 5.384,261; 5,405,783; 5,412,087; 5,424.186; 5,429,807; 5, 
436,327; 5,472,672; 5,527,681; 5,529,756; 5.545,531; 5,554,501; 5,561,071; 5,571,639; 5,593,839; 5,59 
9.695; 5,624,711; 5,658.734; ^ 5,700,637 £.7} <&S>.v], S-g^ 4a. ^^HoflA-] ol-g-Sfjl v]*\]-frig- -£ 

oHH, n]-^- mgj(tg^32j. tND^l ofl-g. 6.012,902, o>o]as =12.; 6.011,252, *5 sfllO-fr iMSr^ ^ 

^ #*!; 6.001.231, ol^l-e-^- Ali^^A-1 4{.^a- *lH«rJi S.^B\^t}7] ^ Al^. 5,989,402. nHl-fr-f- 

Al^-g- ^)^7l/^-Al7l -yclBlMi; 5,976,336, 7l§>^ ^Aj-o] 7 flAi^ n)^]^ 5,972.187, ^^o] 

■f(electrophoretic) H>»l<>|i# ^E.S.^]^\ ^ ^^; 5,965,410. ^1 >H1 *1) ^ <H| 2} -ff-sfl B|-e1-nlEl# ^1 
°1s}7l ^ti- #^t; 5,965.001, ^7l^^ -B-^fl -«--B- ^#vfl2] ^a]E £ii £^ (electroosmotic) ^/SE^r # 
7lol-S- ^2] 7 r « ^1<H; 5,964,995, ^-s)] wj-ig ^ aJa,^. 5,959,291, aIJ: 

*»a ^ #*1; 5,958,694. nl^-S-^ Al^^oflAi ^A_V* Al^Aj^ 7 | oj^j. ^ « « o v^. 5,958,203, ^H^f- uj-ololi 
# < a^SS.sl3f||Ei ^ i-^ ^; 5,957,579, H7l7> 7>^^<y d]^ Al^tJ; 5,955,028. ^ 
^ 5,948,227, ^ ^.s.^. ^ ^ a1^^ ; 5,942,443, nl^l-n-^- ^HJa^ a1^ > 

^ -*1^; 5,885,470, v]H «-^°) 7}&<^*\2) -fV^ll <>1^; 5,882,465, oHl-fFf- ^ « 0 Vig. 5>8 

80,071, ^7lol^- H>olo1is. "a^E^silBl ^ a.^- ^; 5,876,675, ^1^1-8-* « Al^tj. 5,869,004, 
n l^]-n-* Al^^^A-j &qsq *w ^ sftiQ. ^ * 5,852.495, nHl^vlHH ol^>fe 

-^BH (Fourier) *^|; 5,842,787, ^1)^ 37l7> 7>^^«?1 nj^-B-^ a]^^; 5.800,690, #713^ ^ -R-^l - 
«-B- ^-2:#m2l <a?AS5LiLi£E| ^/S^ ^710]^ ^2j 7>^ ^<>1 ; 5,779.868. ^7]olJg. ufol^^s. o, ^ <ye3j B ^ 
3)2ilE^ * a. A}- ^ 5,699,157 nl^^^xfloflAi o^Hr *(tt)Sl ^e]ofl e4-x]7> 5fl6.nl, ojAj-2] s.^^ ^- Tg^l 

A 1°ll^ ?l-§-*>^ 91^. ^-^S ct]ei7}-^ 7] ?i^#-i-S.Ai ^<a^2l ^7)1 71^ ^-§- M-El-ifl^ 7_V^#s. 

^ -*7l ^-*Hr2l ^>Hl^m°fl °l-g-^ #efl7l#2l el^HS.^ 7l ^{s\^. 



A -S-^-S- ^ ^-Slr-fr -B-^l^ ^^2) zl-zl-21 «S. (well) (^11- *<H, oI^eI-oIe^ (microtitre) #eflolH « ^ 
Efl 21 ^ ^(multi well) £^ Z^Zl-21 -g-7l(<Nl* -f-ol, Al^^-)# Af^-Sf^ ^-^ Al^Efls. <^ A | aj.^ 7fl 

^■slSi^. 9671121 Q-gr 7>a1^ nl^Ej-olEl §^01^4 <aaV^_o S ol^ ^ 5UAnl, n ^efloles.^. 334 - *5. l-eflo] 
e<4 ^-ol cl-3. ^21 7M *r5L 9X^. ^21 -g-71. Sl-uMs} « 1-eflole, a ^ f-JMlolE 7 > ^A]cfl #)^-sl 

fe^H «*ttl«>l. A -8-7121 m-g-#^- s^-*>ji ^*>fe 01 ai 7M ^i7V 7fl 9X A. 

^ #5flOlS Ali^ofl C-l*!-^) ^ cl-^-*9. Al^Ejol C^c}.. Z}- fl^. olel 7>7.] ^Efl2l -§-7l ifl ofl A^ ^^-g- ^ 

* AjAlsV^s. d*l-<iiJel ^1^^-a- M-El-ifl^ n]^- ^-§121 cfl» 6,033.911, 7>^^ #*1; 6,024.920. 

«eflolE 5,993,746, ^eflole 5.998.236, <%M] #1^7l-i- o]^ cff^ a! ^a] (syringe) ^ = 

; 5,985,214, ^*)1 ^l-xfl2l -B--g-*l ^»^* -tl^^l fl-^*V^ ^ ^ ^*1; 5,976,470, ^# itflolAi 2 ^ 
*fl; 5.972,295, aV-^^ ^ 5 , 9 68,731, a^21 a)-^2}-^ Efli^ #*| : * 5,952,240, 

SSl^ #el]olE u)l^l^l7l- 5lcf. cf^ a*) ^ i^-s]. o^el7>Al 7lEl- 7i^#s^.A-l ^-<g^l2] ^7fl 71^ ^-i- 

^ ^^l-l"^: -#7} ^-SH-21 ^^Aitflofl ^ o}$_Q #efl7]# ^ e]AH S Ai 7l7ll5lSJc|. 
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Al^eg* 0^*1-7] ^)«q ^Af^oi ^ofl^ ^EflSl -fr^l 1950VI 

OWfe. Mofl <£s);jl o.^sfl ^Aj 0]$.*W ^0} 0.3^ S.^^. ^^71 

°] ^«fl^cf. 3. ol^S. olelt!- #^-§- ^a]*}7] fl« ojel 7 >3q #«a°l SftSftfeXI. °l£r £i»J (domain) 

^ IhtL Al?V £.o|)ol (Time Domain Dielectric Spectroscopy)^ Al7> £p|1o1 7l#-|- JE^Kr 

A. H-t8*4Hfe. ^^.(charaterj^tjo^oflA-] 7 f^| ^Efloj ^-^o] #*(transm 

ission) e|o] £ h cf^- e}oJ ^ -f-^oj _g. £ oj oi-g-sj-o} aj^^. Jg*}*}^. o}%<± go. .ge^ ^ 

#«r*] ai^^s^ o.xj^ o)^. nj ^^fl* ^av*>^ <3^-# i-jHf-s] c^e] 7>*1 71^-oflAi ^ 

##3.->r-el HS.^ ^ Afli7l^ *l-g-g- i«-*Rr 4£ <g SHMIi ai^^^i #^o] 7>^ aieofl, °] 

USP *ll 5,653,939; 5,627,322 « 5,846,708 #2r)7> 5*0^ is. #71 ^Aj. (topolog 



#SllS.-?-El2l »8-A>Ai^ ^1*>ji ^l^^o) # ^ s^-g. ^^s>7l E^l i?fl<a (large scale) «^(fleld) ES.M. 

°fl ?rtV 7l^§o) oj£. H > t ofl-i- -f-o| IEEE Transaction on Microwave Theory and Techniques, 38 8- 14 ( 
1990) oil 71 TflJa al^ef(Misra) -§-2] - 7fl»J--^^ ^*1r ^r <£]-§■ °l-8-^ *\*]3.S.ty ^^^m #^2] 
3 ^-Ajjj.. 7flAj^ 7)^3] (Noninvasive electrical characterization of material at microwave 

frequencies using an open - ended coaxial line: test of an improved calibration technique)" : Journal of Ele 
ctromagnetic Waves and Applications, 6 1259 - 75(1992)°ti 7]HlQ " 7l) - «.7>o] ol-g-^l- 

ll^l al-Pr -H-^- -°r^i# ; IEEE Transaction on Microwave Theory and Techniques, 40 1701-8(1992) <H] 

71*11^1 j2.i:HAi7l ^ Tft* (Osofsky and Schwarz) 2) " JL^s\- 3] 3--#°\] *\ #^-§- H| -^^A] ^^__u o) 

t^^l-oi ^ . IEEE Transaction on Microwave Theory and Techniques, 40 143-50(1992) «H1 7l7fl^ ^, 

7>ic-°-^l (Xu, Ghannouchi) " 7fl»£- Ef^^ ^ 3.3.® °] = -fr^-i- ^^ofl tfltb o]^. 

^ ^ 'M^ 2 ! ; Review of Scientific Instruments, 64 1614 -21 (1993) °fl 7]^^.^ ^ (Jiang Wong) £1 " *\ 

3-n °JJ*1H cfl*V n>ol£i S 4| o] a o.^^)| Aj-^o, ^^j. 7 fl«J--^-?-^ ^-el-o] 7]^" . Review of Sci 

entific Instruments, 64 1622 -6 (1993) ofl 7l7fl^ ^- (Jiang Wong) " 7^- ^-^-^91 £S.af <>l-g- 

*H -n-^-t!- T^ll^ 7^ AflS.ofl cfl^ oj-ol^s. ^)o]ti. ^-^^1 ^3 ol ojtq. ^ n) ^ ^( tip )o)lA^ #7,} #f r o\] 

ci«H -¥-^1 ^r^Hr nfo] °] «. A^sl-^ «ol^ol| Qtg^^o] ojo.^ <^|s =^ 0 ptic C 

ommunications 129 15 - 18(1996)o)1 7flA)^) ^ojov ^ (Keilmann, van der Weide) f-S) " i^i^ a. 

Ai-^Jfl-^ ^nl^-i- oj-g-^J. ^ a (sub -wavelength) «flAj- £ " . Applied Physics Letters, 69 327 

2-4(1996)o)l 7)7M «ie)-skai, l-ai(Vlahacos, Black) -f-^ " 100.mu.rn «flAj- £ s. 7 }x]±; ^.^ - ^ S i?fl^ d> 
olH5.$llol u. ^BlTj" ; Applied Physics Letters, 68 2506 - 8(1996)ofl 7]7fl^ ^o] ^( Wei> Xiang) ^-S] " i?| 

^ *H ">ol35.?flol H. -^^ Ol ojt}. Cj-BfAi, #^0) Efl^E^l ^Sfl H^ti O] U.7>0] 

- ^ =£M 5L-^)# ol ^J^r ^l£l<H $X^. ^ ^ ols]jl #7.}*}<d 74H1 a-^ ^<gs)l 

^ 7lEl- #^2^ -fr^l ^-^21- Zj-^. cl-= 7l# -g-O^H H^SLS- AjAl^Cf. 



^ ^-^ AVoj^oflAi Al-^.5l7l Alaj-^cf. c^ia. sol, USP 5,025.222 ^ -Ml =11 7fl ^1 vfl 2} Aj-B)l# £u| E-l ^ ty^ + 
^ 1 8-^ < H1 ?lvV 7k °M. -fV^tl nil 711^1 *#^r ^d^ 2r<a ^71^1 AS. -7-AjslJi ^-^Kload)ol| ^7lajilS. ^#^J 

(coupling) Si -B-^l -§-71* -l-sll UHF £t: ofo] 3.5. 9 J) o) a ^71^>t;1 -°-^tH=T. ^7lfe- -¥-Sl-5.-?-tl ^^Sl^l <& 
^. S(-«r , S}- 0 - 0 1 ^l^^oil nl-El, -o-sil "11711^1^ -^^l^-^ fsl Tj-tl- ^1^-§>£S. a]* ^^ofllA^ *b]z] 

M (freerunning) Zf^^cf. «>^al efTll, ^r-g-Sl *] 3) * ^ ?r}-7l ^efl, ^7lSl Aj-oj^ (insertlon , oss) ^ ^sj-^s. 
fiqe-l^tl-Cr. ^Sr ^r^vV 51^21 ^-7flSl a, Efl^ESl-o) Al^^oll S=-#(load- pulled) t^lSl ^04 . ^.a. 

Tl-giy* ol-g-SV<^ ^7V^ S-^El^ ^ ^3Kcharateri Z ation)*r7l ^ =S.«.7l- 7flA]^ USP 5,7 

48,022 ^ 5,966,017 7> ^d-. ize-|x4, ol^*V 9?*]^^ i^qo] cf = ^-^)o)l o^sfl ajaj-s)^ 
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ftft*l, ^^-S^^SCfluorophore) ft*V8ft$H!ift ftft B^ft ^.8.5. ft*l 3*ft3 ^ ^*W4 ifl 

ft ft*Hl ft°l ft ^(specific), "flft ^ftftift ft*9M HlS^ 44ft ftft °l>fflH ft*l ft«£j2l ft7}3jo] 7fl^-ol .fi.^ 
44. ft ft^ft, <>1*MH 'g'Sftft 44 ft©], .fl-ftftft « 7lft A?A^* *4*ft«lft 

ureal ^itb 



ft ft*8«l -a^-SHM*! ft 51ft, ft<H %3.W 4ft ftft 1ft <3^-g. °lft*W ftft ftft*| «M3 

21 ^5}-» ft4ftft ft^ 7}^o\] %o]oxr\. ole]*}- ^. -aj-^ofl ftftft Sft < a^>^«?l *B4ft4. °fl 

ft ft<4 1999V* 8*1 5«a°fl ft*85l:a ft ft^ft ft*ll PCT WO99/39190 * ftS« ft &4. ft ft<8ft 

°)*\ ^^i°moi) 5Ufe 34 4ft ft*n ^ft-g-7iiflsi aft *Hiftft ft*H 34 ftft sB41€ ft*n ^^21 -g-ft 

<aS>^^l ft3 O-SftJI 2*4^ ^o] ^o]s>cf. o) ^ftofl, ols>oflAi ^^SVfe 44 ^ol, £SH£] ^ 
<3ft 3)S>7l JH«H, ftft*] ^-S. 'Sftftft ft*fl «o)l ft7.flftft *7l 3 «/Slft ft# ft^H SjtSfl ^|-7) ES^S 

ft fte^t}. 



cflgf^ o.s. ft ft^ft, ftft ^ssi -fr^ SMJ ^ 5^ ftsftsi ^-Ji^-g-* <>lftft<ft ^ ft^(TKtt) ft*fl°flft 
ftft 1ft oltneuHoDAi^ ^ « 7 ftj^2] s^- ^^^ls^sl ftA> ftAl*Kn ^ 

ft^ ^ ^l^ft ^l^g-^Cf. ft A)^EJ 1$*$°- SfV <a#2j'?l ft*B -g-7-H^ ^/JEft ftft 

2] 1ft* *J!ft ft SiTflSM, ^2] X>^-Sl-7> 7>^§V7fl ^-Cf. ftAfft-Ol A^S^O] 3^o} ^oflAi A} 

a lftft7l oflftofl, ^Sl-ftaj ^ ft^lft*! ft°HH ft*} ^ c^l-*! ^. h 0 >^^. 

*r 514. ft « 0 >»a ^ ft^l«fl SIS)], BHulf ^ sVuj-ofl el-t^ ^lAl?]^ °>J1£ ^11- ^ ^ nfl-g- 

ofl. Ef^oll 21^- ^^-21 «!Sl-# 7^1^-^ ^^.7> §ifto.S.«)lAi 21S. ^1 tfl-Sftft ft^lft^fll ft*l ^ft*>7fl €4. 



ft ^21 ^)l 1 ^jAHHiAi, ^ A«fms] ^1^ a o vwjoi 7flAi-acf. 01 ig-ig^. (a) /|f o.<y ^ 

^1 9^, ^ afl# ig-ft* 7>^lfe ft^ll ^fl^ft -B-^fl ol^- *)Hftf. 7>xl^ o)^ AJ^^SI -B-^fl ^fl^iflS 4 l 
^Sftft 5L«g*Hr ^711; (b) ft^l ^]<Hft2l ^H§H1^ ^3ft ft°J ^ftSftEl >gft Bflft ^-ft* <&«fl ^ft *«fl ^«ft 
ft °l^l?lfe ft/^1; (c) ft^l ^^21 ^1 <§^ofl 10 MHz vfl^l 1000 GHz 21 tflie Al^s. cfTfl; ^ (d) Efl 

is ^sft >gft2i fti^-g- ^^SAisi Efl^s a)^ >^s|-# i-^i^ ^l» a^-t!-^. ft^ll <>lft ^H2i hi -*flft*l 

91 4 ft ft?!, S^ift(S^lft), ^3, ft^}JLft(o|» ft«>l, 71^-^ ^a)^ (spinning) ft<3) ^ft ^qft, ^7l 

<>lft ^^Sft ftft ^71^-21 ^HsHl^l ^^llft ol*Al7l^ ^ ^ 7l7fl^ ^=7V Sltf. ft A(- ^-S-i- i-g-§>^ Afl-Sol & 
7>> iftft^l ^^51 ft ft^l ^ft7l^-2l- Aj-Ol^V ^-Al ^A>7lftft ^^ft^ft. ^ft^(£ft, ^ % 

ft ^1. 4ft 21 ^B]-ft AflE ^ ^5fl)B^ft ftft <?lftft>l}-ft) 7} ^€4. 



4ft -aAH^. ft7l ^ft ( e ) ^1 1 >Sft 4ft°fl AB^iflS. ^(spacer) ft^.ft H^ftft ^Tfl; (f) ft^ ft^ 4 
ft°fl All^iflS ^7>2l AflS^. i<y*Vft 4711; (g) ft7l ^7>21 AflS.^. 0.3] a1H«.o| a)H4<H1^ Afl^ft -f-«fl olftA^j 

ft^ *^°fl 2l«fl ft em 4ft 21 a^s ftolft ^ftftft ^Tll Afl^^- ftSfl OI^SH- ^Tll; « (f) 

^7V -St-ofl cflSfl A^ 7 ) ^-Tfl (c) _ (d) # tiV^-sV^. 4^lft ft7j-S J£ftft4. °lElft H o V ^°fl>H. °J^21 AflS^ol 
#47Hl Afl^^ ^-Al Al^^jSl clAf<y^- Aj-^l ^ftS)-Al ?J ^ ^i. ft^l ^2] iH} -g-Ol*V ClAl-^ ^ 

°> ovqe^ ^fl^^ft ^711 7fl^dft ft SU4. 
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1l5i.iL ^51^ -8-7l(7B»S-^ HLt=t Dil4fl^)<>l7ll4£^ AflS. -f^d «*| <33. * «fl# 5L^S>Tr 

^^cf. OjA> E|iE AlJrO] Efl^E ^ = 3^ Aj-Jr^J-g-O. Efl^E Al^^- AJJ^S]-^ S£U g|]S.i- ^ 

aI^s} aHS= <a^-l- 3. *]±*$£r #3 S^iisl <H^. ^<>)1 ^l^fe Al Jr #^l7l« 

^7>JL i«-S>^, Aljr ^QSr Efl^S S)^S>£S. ^^cf. 



n^ej-^i, 7fl^ -g- -S-aJ-^o.5. q= 1 MHz tfl*l 1000 GHz 3} -B-*H 7^-g-7lvflS] ^7]- ol ^fl 

esq- >a-^^-g-*H ^Hi^ ^ 71^3 cf- ^^-svfe -g-7>^ .g-7} =f-s^sn * 

£ lb *=r & I^S} ^^Hl°fl «4€- -fi-Xl 3£A]^. t£fl. 

5. 2a H It^S) $} -MAlofloJ] s-^ =StLSl 5H#. 

£ 2b *=r tt^Q *a -SAHofl ^ ^ SSM a^o] 5H#. 

£2cr^ U^ofl ttf^- 5iIS] Xl 2 ^aHI^ f^.-E. 

S. 2d t=t £ 2c o)l SLA]^ =5L«LS] ^^Z.. 

z. 2e ^ ¥r <y -gAH<*» 4^ «1 £i«f 

S. 3a ^ $J ^a|o(<H f^l ^1^^^ 

£ 3b ^ -g ^'gSl «y -gAleflofl ^cflAj- *'a. 

J£ 3c *r ^ ^^^1 ^/-Hlofl trf-g- oflAl^o] ^tfl^ -g-ig-i- 5E. ^ ziefli. 

£3d^«- t^ai ^ -a^ofldq 4^ Eiis Aj-avfloflAi <a<Hq. fe »x> oi^e-. iu-*i3Hr M-^va 

cfl-g-sRr ^ 3 -§-#3 ^-7M 7>^^ ^Aloff S.^. 

S 3f ^ ^- ^^«^ nq-ej- Eflil Afl^vflo)!^ <a<HM^ **> ^1*1-^ ^| 2 M-Ef^ 

£ 3g *t ^- 4^ £. 3f SI 'S-'a-fr <>1*«W ol€H7> Si^ q-B}-iflfe *fl l, X| 2 « XI 3 -g-^ 

S. 4a ^ £• 4^- ^> *^ Al^^S] XI 2 ^aH1» £A]tb 
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5E. 4b tt -H- £-a> *\^Si] 3 -8*1 ofl«- 5*1$ 

£ 5a *r ^^ofl tt}-€- « 0 V>*]-g- -g^SpS^ cq^^ iSEflo] =5.n^-g- ^ & 

£ 5b *r 1^21 $} ^AH1<H1 ic|-2f £ 5a ofl A]i^o^ ^j* £A )^ H ^ 

£ 6a ^ ^*fl tc|-H| s.^ ^sq^ ,g-A r Aji^oj 3E.u|. 

£ 6b - 6g ^ -g- uj.^- &qx%<#£\ <0*|aW °>l-o1^^ S i, a) J: -g-^* £A|^V ajjl, 

£ 6h ^ -g- t'gol) rtf-e^ NaCl 2] ^-°)^ ^5. sfltS] ^a]o| ^l-o^l^ S *15> ^S.. 

s. 6i - 6j It^ofl i4€- £ 3d ol-g-sM ^ 2tf ^I^e o] ^IaH gfi-o)*|fe. s „ -§-<3- 

£ 6k - 61 ¥r -Hr S. 3f 21 o] -§-*)- s.^ «^ ol^e^ >g-A]Alo|| ^l-c^l^ S „ 4!Jl -g-# 

« £A]tl nsflH. 

£ 6m £r 4?- ttr&r D J-1-^^1 5.2 (dose) -g-# ^* 5*1 ^ ^2flH. 
T.-g-<H^2j 

n. 7fl-Q_ 

IV. ^Al^O] BJ-^I 

V. *ilA)2)o] -8-5. 

VI. i = -^.^ 

vn. ^ 
I . -8-<H ^2] 

«3.MH«1H A]-g.slfe - oi^E" (^#, » ^ oisfle- £ ±=. « ^^.» o_s_ Wtr)eHr -g-o^ 

cflAj- (interest) £* r 2) tf-Er £-A}<4°} Aj-J^-g-g- %o]v±. " ^-3i" Bj-^ -g-o^, (^2)- (helix) <8 

uim a|e, <gq, 7m ^^2] ^-aV SV^sa). ^) -g-Af e^^i ^ o>q^, -g-°>Hl 

^12] 7>ji)lSl .g-uflaj- (solvation shell)*)- £-A r S} Aj-J: *)-g~g- (njijj f-cj (bending or folding) 

^) cf^ 3-7+aj^ ^Al-2] ^^11 #33 ^^i- i^-th tfl-tt ^-Al-ol 2.s. ^^.aj 

M121 tflAj- ^-^21 ^.^fV " ol«flE" S. ^S^Al " #*fl" s. 
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-§-*} 3tf ^l'fflSS] <n)% (i) e}?>=.fif J. e|#H.2l ?M iHJsHr #1c?r, «l - ^-fi-^. Si (2) ii 

« El^V^/^-8-71, qHi/qMfl. 3L4i/7l^, DNA/DNA, DNA/RNA, RNA/RNA, «|-iV (mismatch), Jisfl ^ 

£^ £-ArU ^ flfe °J2] ^Efl^ ^1 1 ^> 7 > ^^-(^-o|^ £ i= a] _^.ol^)s]ol *|1 ! -tfj^-g. 

^*rxr ^SIS.*] *H2) ^cj-. 2^V ol^B^, *)1 1 £aV ^saj-g- 4^*113.2] 2 g-A r ^tK^l*! 5. 
H «1 ^ 3^ cj^s^r *11 2 ^*flS2j ^1 3 £-a> ^^-(s-ol^ £i= a] _ 



nfl *>a# aMh, ^ <3<3, £-AHfl2l ^1€--H?«^- ^o. 511^1 (seven -trans -membrane) ^2:21 ^*fl) 

£^=- 3-8- 7>^4 ^a(^l« »<H, ^-8-^- s.^ el^-Hl- o]^- 



S-^-E^ -a<H*lfe ^IJlSf alS^S.^ ^mcf. -f-^-^^S, ol^Ei, (potential) ^ *V 

M-# S«-«Hr ^Sl-S-V-El ^^^Ife ^!^(£H Zt4°l *H+2] Jesuit ^7)1 SI t£Sl A«s. sJfE ^ 

-M.J:)* ^7|)£1 ^ 4HLlt i«"S>fe ^o^lfe US. Sr Hl37^-o.s^ ^l^cf. " ^> 



^^l^^l 71^^ HJ-^ ^ ^ll--g- ASelaj 2:?i(^li^olu(- sV-SjU-flitq-vflo} £ >=. ^ 12 ) ^li^vfl£l)ofl^ ^«J. 

*r ^r^H oi^eo^ a^^.^ « ef^^ ^l*>ui <m^-^ 5l°fl ^S. ft-y-fr -¥-JL ^el«l-^ S 

"S. ^-i: 7V^lcf. ofla s-^, ^nl^sl ^HoflAi <q. ^ a] _ ^e)aj ^-x>s| ^-^1 ^J- 

^^l^oilAi A)-^-^ -g-<>| »1 a]-^3)tl- " ^7,> ^ o]^E" ^sl^l ^fecf. c^lA-i «V^-a)^: ^ s. 

^, ^elt!: <y^^9j S^^Ai^ ^a] ^^-cf^ c>l«fl^ ^o]tq.. -f.^, ^^-ofl <^*^ 

ol^lfe Shfr g-Af * £-S-(helper) «-«Ji^s1 ^^^Hl^ *f-¥-Hli 3^21 ^^^4 el^ o]^m 7 ]. ygq 

5J°lcf. Z!.elt!: 2:^£, ^1# -l-ol " fl-^ ^1^^" PBSS. ^«(|Alfe <y^g-2]<y Dfl7{|^2l- ^ m^oflA^ 

Aj-ig-BT] Aj-ol^- ^0|cf. ^-Aj-^ 0. S> ^ ^-ig^ UV#3]*V S^.^r, EfliBSlfe ^^1"2) -g-Sfl* §-7l 

^«fl ^ °I^r DMSO Sr ^-£- -fr7l -g-nfl# ^ 7>a]^ ^-§-°«ol ^ ^o]x^. " ^-g-««" ^ 5 

0 ^ % «1^. a>^-a]s>7flfe 80 ^ % «1^-, 7>^" «V^^I*>7ll^ 90 ^ % rL^xif aV^s].^)^, 95 ^ 

^ % olAj-o^ £ ^Vi4. AHfl) ^-H, P H, -a-^^l- ^--a- ^1» »«H ^ ol«flS7V ■a^u)-^ 

>Hli<l €-^2] £AVsf7l «fl tf^l ^ sa^. lr°1 >Hla2l ^ n ^1^21 e)i#vfl 

21 Af<a2j<y i^.^ x\g_ Aj-tg-*] Aj-o]^, rie^ 2?i-i-* a.AV*>7i aj-oi^v oi^. nfl 7 > ai~§-« ^014. <^5i 7 V 

*1 °l>fflH ^ ^^>a1 ^Sfl aV^^^I ^J* S.w 0 Vs>£.s. cl^J-o]^ 2:^12] ofls.^. igo) 

Slcf. cf^s) ziJHt!- 91^91 ^*\]7} *"115lJi Si-2.nl, <fl# §9! ^^1 c]^. 

Slfe 3.73 tflA) 9.24 P H 2] 60 7fl2] -tf^*} ol^-7>^-s}- tHsl# q-ISl-JZ $X$r, 2000/2001^. Calbioche 
m General Catalogue 81 vflA) 82 <^el7M sf^J-^^ ^l^- ?}*f£g_ZL<>\) M-E^ SZ^f. -f-^^ < ?] "11^121 t$2l 

2f ?t^^l- "a^^l 71^. a R Ian Freshney, Wiley -Liss, New York(1994) 3flr, Culture of Animal Cells: A 
Manual of Basic Techniques 2} A 7 #(" The Culture Environment" )2r 7l^--§- %2i*k ^ Slcf. 
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tg^H*!^ A>-§.s]fe " -g-^cfl^(analyte)" -g-<Hfe- €^fl. T3i, 3tf §-<>l ^]S]J1 -g-^Sjfe -g^ ^. 

*fl« ^}*Hr 3>°lt}. 1^21 -gr^tflAj-^. ^-Sfl, m^(<Am X>«a^°1 DN 

A, RNA, gDNA, cDNA, mRNA, tRNA), ^ElS^-B^. ^-g-7) * ZL ^-§-7lS+ ^2j e|7iJ= (afl# -f-<H, 

^l^(factor) ^ ^-K ^-8-71, AVol S? l b}.^ ^-g-71, AlJ: (signaling) -g-*> «J ^-g-7l), ^ 2j ej=£- 

^-g*^ ^Sr ^r^H^Jl ^ ^ (Wbraiy) 41 71^ ^^># 5E^r -fr^ ^#^), ^l^tfl^> 

A V-§-. ^# « Zl-l-Sl Aj^cflAf ^.AV #> HlE)-ol 7 m « #-°r iL2:?l7>, -R-^l 

21-, -Mli^, T^M, -MliBf <g ^ ^Sl-lfloflAi f^S]^ ^>ii ^ 71EJ- 7^, ^ ^#3.^ t^Elfe 7) 

4 *i-°j 7lE ^ *^-g.^^ s ^^o.^. ^if-, i-oi sacf. 



»m 7l#^ cfl-Sr&S) ^^ol s^s] -g-x). 2L^ -g-°-BMl2] g-7-V cflsfl o]-cH ? l ^ol^, SQiJ= £ 

^(^BO^l «-*r# *3^*M -n-**>5.S. jr}^ ^7>7l Hl-fe >^<M AVolEoflA^ ^ ^O] H^flS- ^ 

*>M-7> S^MI JL^Slfe <|)-ig 2] ^-g- 3-8-^ tE 3* #2} ^21 S>uf7> -g-3)ol^) nfl, 44. 

^H°B-*1 *}-§-=lfe " ^^^(antiligand)" 2Hr -g-<H^ tfl'fl X-S-tfo)) JL^€ 3)*Rr 3<>14. °B« #<H, *J 

ei^isfe ^-«n«a ^ BRVH-fe *<hhh ^-oi^^-s. i^-s>fe ^.7><a ^ &<a°B ^3 

vK ^?Vh.7> <a^- e|^v=cii ^^-s)^. ^2}-^<a ^-el^svel^Vs. ^-^1^ ^^-s) a.^^ ^^v *j-e1?V=s. 



-S-^Vl- ^Efls ^^B*l-4r ^#tq-^ ^^)« ii-¥- ^-i-oi i^-^i <?]-(-§-*}- *\ 

^ ^> 7l«fl ^ <a^- ^--71^ -teH^r icf ^^s* i#^), ^m-& -R-71 ^> 

^>(^-B- ^^-°B slsfl cf^ ^7>si- ^x># i^-*)-^ ^«-#) ^Eflolcl-. - ^-xv effe <aa}:^«?l -§-<Hfe ^ B -B 

^r^Uri, ^£)l5L°li=, -R-71 ^1, ^-§-71, ^ ^, ^1 ^ (H&«) sq. ^ Ai^^oj ^ £ h 

Ml^l^, ^ ^^21 ^-7>21 inl-ofl ^-g-^ nfl2)- Qo] 3gA?V ^-f ofl, zi ol^-2l Aj-^ltl -g-o^ 

^-1- n#<K| #^>fe " °}b}±= -g-^2> ?>^r)« -H- ^4-^^^ ^1-8-^: ^o]tf. 7>^- <y 21^1 s. /-i-^-^ ^, ' 

¥r ol§H]Ai ^SKr «1-21- ^ Z^- ^7|-i-^ ^ ^-^1* ifl-^-tq-. ^ ^ ^ ^>oflS. O]^- 

°1 #*BD: ^ J) o.t^ (o>n] ^a}. ^7l(^)ofl =4? 0)2:0] 1^ ^»J|^ 2.^ 7>3^^-2l <g uzj- ^ ^-f ), nB) ^ 

g-^i: ^^i <^€*i £-74 ^-xv it«fe ^#m<^i <s(ofl# #<h, "S^-m-h*)^ 

^5L SXJl, ^21 e^B^ S^21 ^AHl SL^elEl-. ZLE^ ^^r ^^1^1 <?1 -fr^Jfll «>-8-oB #7>^" ^oi^ov, n 

"S«2l ^flsHl^t £-7> oj «H 3^ ^ ojcl-. 



^^l^oflAi AV-g-^ •• sl-sM" , " e)?i£/*J-el7i^" , " el?J:S/^-Bl?J-^ ^-^1" B^-fe -g-<Hfe a^s #o]aj 

(specifically) AS. ^#S>^ g-^l-2l ^"(£i=- Ji4 s #3:)# 21^^^. -f-^j-^ 

— # £^ af*, CH7H21 Hl-^-fh ^^(^7>-^7V ^s^-g-, HlCile^ ^aJ-g-21- 

^)21 21«B, AJS -tf3L*)-g-*rfe » ^Aj-^ ^-7>»S «>2> ^o], 0-A>^ 

7VX] g-7>-i-2l ^^-<^l£, Aj-^^-g- Al?J-o) ^o] QHttKf: - SLZ. AlTiAS. ^S>7l£ ^-rf). cfl* ^ - ^ 

^-SB^, Hl5.^-°VHl^(avidin) W&o] Sa^. £tt sl-Suil-^ ^-7> ^ o_g_ 

3gjL±; ^cf. aJ-BfAi, efls. s-c^ ^ olAj-o^ *J-_e)^2l afl21(§H&) 2j-^-ofl 2)6fl c1-<y. eJ?i=7V 1^ ^ sa 
ADl, SE^ *fl 1 ^-ol^o] 2 ^6|| 21«11 ^| 1 #«/fl-afl *fro] ^ ^uf. ^^--g-, Qfl S fl(-g^^^- ^j^ ^ 

£ 5tfi}) SE^ J15fl(S'?!AS ^1^- ^£ Sit}) ^(ffi)vfloflAl <yol^ ^ ojji, 3 7fltaj9j ^-x> aj^]^ a^*}9j 

E^r *^1^9J 1^ i^"*>^ ^*fl ^th^- ^ 514. 7>^t>- °flS.Ai, GPCR/G-^-^€ ^^1 ^nl-S.^ GP 

CR-2mE. ^ ^-g-7l/a.2:?l7>/5l^;E./DNA 1^; Ett ^ ^-7> e)?i=» A>S^(chaperone) 
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1^ £L7H^ ^l^ol flo.^, ziofl g-fr filn]^ e)^.s.(a^ ^-e]?> = )7> Zfz}-^ t 1 ^* ^£ SlJL 

>flS7m £tt ^ WQ<%^ & ^ 5flfe -SL^ tt *7l £-a> a#4 nM}« ^51 51^. ^- «84W4H 

n *°MH " el ^-s- sHr -g-^V ^3. ^-JL^-g-sKr iL4 ^-7}) a) ^tg- 4E Lit A ^ s>fe 3} 0.3. a>-§-*}^ 



^^A^A-l, » ^-0]2j ^^-» O}^ -g-O^, ^HJj^, «|AJ. li ^AflA-loflAi 7}^^. U>o+ ^ ^ afcE fcj.fr n] 

» n fl. °1 Si 711^1^21 #*fl3?] 51^°11A-1 Bl^V = # 33] g^. aj.^ ojnl^-cf. nJ-sM, ^ 

fl a^.H* *<H, ^-°-2l gq^g'S 2i?!)*Hl A i sol *j-e^c^ « s-i(target)" °l| <8*ifl 
°fl ^^s-Vfe tj-E- ^fl^g el^<Hlfe 2j^8r ^^cf. ofli- 3-3,52. Ai^s. /fli a ^ ^ 

■8-71(011* -i-ol, ofliE S ^jl ^-§-71)^, -8-A} ^2:21 ^-A>7> ^^^C"!^, #°1 (estriol) 2f 

^ -a-AVtl- iEllS.olS.S. c^-s ^Bdg.olS.^1 Jl = &2l- ^ i = ^}HH^ 3Ht}. -°-A}.S)-7fl, 

«r?it!: Ji^l?] ^^r HflU^ ^Sl Aj^^ 2:^*l-o))Ai A^ S # (hybridize)^ ^©Iji, ziofl #11 Tr#^15.Hl= ^ 

«fl°iol 7lEf 



a. ig^oflAj AV-g.^1 HViq- £ol , •• *e]^- . » (purified)" , « " SLS. ^effe ^fe ^ 

^ ^^A^lA^ A>^-^ V}2]. Zj-Ol, » «ljA>" Ol -g-<Hfe C)^-AlBl£L^r#e11^El^ - , £^=r M-Al ^Efl 

21 e]ii^f#BfliEls. #e)ol# 2ini©>^, ^ TQi&o] ^cfig, ^>«g^ o.s ^«rfe Tt#sil^.Eisa}- -frA^ ^ 
t *>M- o)^s] 7.y<£ ^efl^Eis -B-Af^» ^-B-*}fe #el°1t- ^ slcj-. 



^^AloflAi A>^ H>^ ^-Ol, - -gel^El^" , » ^ElH" , $ " c}BJl^" ^ oVnl^Aj. #71(^)2] #e)^ S ^J; 

JE«-7l-^-e>7fl ^^c-)l AV-g-tbi}. o)*Wr -§-<Hs.o. ^o^^l ^(order)7 r cflA)l^^.S. 3.7] ^ 

*• 2lcl*>7lfe SVx]^, ^x>£l 37IS+ <g^5tJl7fl A>^-s)^lfe ^ jicitj.. ole^V -g-^s.^ t} 

uf ol^-s) ofnl^AV ^71 (residue) *Q^o]}= ^o] tfl^-^ ^-^aj ^nl^A}.^ <y^-^ol ^-«)- -fj-A)-;*)] a 
tt o)-n]^AV s-el^so] ^^-°], o>nl^A}. l-elDjofl SH^T}. 



tt ^AflAioflAi «vsq. £oi, ^ ^.^^ -fh^A>fil ^ £t. t3^#^«-?1 -B-^aHI 2l«fl 

Aj^j^ o)^x$ (encoded) 3 ^ °l^"2l ^ElJ£ aJ-^o.^. °l-f-<H^l #^^* 2ln|?_Vcq-. ol^^l ^^^^.^ 

•B-^i^Tr V*. < Q^, « tt -S-^r tV^^V ofqe+, o]sl<H= <% 

^ -B-^aV# i«-*V4. ^ AV^( light chain)vr Stt ^4 5- * A}-^^ ^ D >, fl., ^ HLt=- 

3-TfS)!!, ^^Jtt zl-zl" IgG, IgM, IgA. IgD ^ IgE 2] -3^^3.1-^ 
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^(" H" ) ^ L" ) A].^2] N-tttt 7>^(" V" ) »Htti "* 

3 *r#3 V ^^vflSl 37flSl Jl^l (highly divergent) ^^31*1 (stretch) tt. " 2EeH<a^3. ^ ^ (framework regio 
ns)" SE^r " FRs" 5. ^B^^l ilcf H. 5 ?!^ (flanking) iHzfl*m A>o] o] afl^^ « ^ 7 >^ (hypervariable) < 9^" 

n*2W. " FR" °1 er-fe -g-<Hte q!«^3.-B-flifl3) i7>>£ <g^ti ^^sl-Jl n Al-oH^I aJ-o^o.^. a}-^ 
21^1^. ^-^ ^ifloflAi, 7% *H<y°| 37flS) 3:7V^ ^ ^ SI1<?}S1 37l)<H ^7>^ <g^^ 3 

*R1 -a-tfl^ «fl^l£)<H 3tt " Xtf" flatter. «>lei* JLV!* ^rS. tyQ2\ ^ 

^*m*)r. * ^ 3 3 7fl£} 2:7 r £ <g^t-8r " Ji*!]^ (complementarity) ^ " CDR 

s" ^Sfl^lJl, «fl# #<H oB^^S Hflc)]^cf(Bethesda)^ o]^ ?l^oi^^(u.S. Department of Health and H 
uman Service), v\^> Jt^^SJ 4 ^ 7r«5 (Kabat) l-^l ^«r3 ^oflA^ Bfl<gofl ^sfl 



tg^AiollAi A>-g4el •• (immunological) W $ " £^ «HT -g-o^ 

<3<3^:§-l-^ ^l^"?] *,H1 A>olofl ^^*Vfe ^E))^ Hi -*-fM| -y-J^-g-g- Slol^. 

Ai~g-^ - s.rt" afe -g-cHfe #°fls.^ ^-8-*VJi ^^-i-oi .sn} ^ ^#5. M-^ 0 !^ S?-«r 

HV-S-21 71EJ- Cf= tfft A>olofl lHJ«Br «V-g-Sl «^5r ^HMr ^«-JjH-& ^n)^.cl-. 314,0] <*§ 

^sHl^o} 7H^1^ sj- " ^^cj-. sijii- ^.o.^ g.g 3^ Tfl^oi o).q JL, ^oi 

Hl^fe 3.^1, «(J( SEtt 7l5fl ^)-(ffi) ^ Sl^. Aj^^^o] DflxH/^B] 

^-8. f»14. i^]^ "fl^fe- ^>S}-^i, <a-«Jj3), *E]Jl^f#e)i2.El^, SiO 2 , GaAs, Au, ^tt ^^^^.3., 

Nylon 7 . Rayon 7 , Dacryon 7 , *?1=S^«, Teflon 7 , c afl(delin) -f-^ <3e)$l -fr7] #e)^ s_ 

^ ^^S^ <T 9X^. °W nfl«llfe ^ (7Xtt), -8-71^ 71 Er ^Jj 7l 

Jfl ^ «-ft-Sl-^ i^-^tq-. ^lAl^oi Dfl^lSAi, ^MS.^, ^l^Sft(dextran) ■fr5.Hl, d - PBS -g-^, 

SBli(Tris), ^1^, H^^r^, i^l. El-*), #> o. 7] -g-«H7> ojcl-. 



» ^«.«r^ ^ 7 ^V >«el«l-aj Aj-EflS. ^.Aj olHflE £H cp.^.^ ^Al-«l-7ll5l^ ^ 

S3] Slnl^-cl-. a.el^ AS#^ oMt(aminotic) -fr^l, 4l(if -i-ol, 

^^T 1 ), S3] 3Li- nl^uV^- q$ (biopsy) >S#^ i«-«Cr. =L^, ^7} ^Jofl *V^£l^ ^4. 

^ SLvl Hfl^^^floflAi s-frfhM- 7lEl-si ^ls# i^-ttcf. «m ^8#fl-aj ^#o] tfl^-g- ^vs.-¥-e1 ^sfl 

^1^1^, tBlslfe o>Mtr. 7fl, Jl^l, i ^ Sfl^l^r ^ JL-S-fl- o>q ej. cq. = ^21 
l-'H, it o m €^^Sr s^-) ^ ^#(^1» #»1, ^-^^q- ^-oi ^#S.Ai Af-g-Sl^ Al^- ^ ^A1#)S 
^-El ^ol^l ^-foflAl -g-*} oltffles. ^-<a^ #^°1 ol-g-* Sicl-. ^^.<H| nl-el-, t>l|^ -g--^ 

— -S. S)^s>7m -g-^*M A$^r^^ aa#* «4|«l^el^ ^5. 51^.01, 01 oi^^i » ab^" ^.a-i ^l*!- 

cf. it^ ^ 1**11 *«! ^ofl^i, HV^3l*>7fl^ A55}«f^ pH ofl XI S.e]i l-^l- «^el7l-xl 

"1|JJ|^ Al^S><^ Ol-g-^- ^ O^Cl-. *§^?m D>^]-7l-XlS, #^S--^E^ <goi^i a.cf <y vQ. 



ja. ^AflAioflA-i Af-g-^ - -R-^fl ^^-g-71" ^, #el2l 371 ^>y-o)l ^-Tiltioi, ^-<y. ^ s <n ?i#^^ ^ ^^Ofl 

^1 -B-^171- -n-^l€ ^ ^* S)°l«r^. 42f " "Ml ^^71" ^ ^1 <^^o]|^S) tfl^E ^^71- aBS.^ ^ 

^*«T ^H^lfe ^.11 9X7]} " +«fl ^^-g7l" -B-SII7V ^^l*>fe -g7l 7t>iH| fitj-fe ^-Sfl# 

alnl^-cfji ^J- ^ o| cf. nl-el-A-1, 7 >^- ^^Vr ^efls., " -fMl 7^-g7l" 4- a^"ofl' ^-^SlJl 

^ «fl -n-xl5]fe -fh^fl h o V^- £4= #-§- &1 nl tl-cfi ^ ^ nel^- ^ o. ? ^^Aj-Sl oj-^^i ^^ofl u.sj.^j s-^ 
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ofl <a«]-^ A>-g-5^ 7W ^ c^^oiofl ^s. a}- 0 -^. zi^M-. " -fMl WW fe, ^ofl 21^- S^-i- 2}*)) 
*l-fe ^ ^t(^ll^ sife D|^EfoiEi #iHloi eo^ ^-oi), #3*1 ^l-ca* -§-71-4 #£). 

^f^ssl ^l-S-i- *l-g-#fe t-«H<£ t* afe ^^al ^-i-2f #£-)4 -fMfl^ °1^-* *m* r fe # 

33 ^-71 7]AQ 3* ^ n}*^ ^ o. ^ » -fr^ xm" 3.*\ ^s. ^«fl^l ji, «JHj-#.g- 



^aHa-] Aj-g-<a ■• qs." e}-fe -§-0^ o^jg Efl^E a) ^ *l€*}fe nfl^m 3 

SSI <g -^Hfe ^7] (TEM) ^iJll- ^l^T xlfe ^ 71)^11-2)- #-8r 2-?tS.Jf ^o)cf. nVol^^s^ 
(microstrip) H^<5l, =iH^e}^l, 7lflr. 5K], ^ ^ 3 <?1 (coplanar) 3] o] w 7>c»lS.i+ £-fr 7\V\ cj-^ . # 

TEM ^-2: SitV ^^<H1 JL^gcf. aW<H, oj^^i^ SelM^ (trace), £fe -fr^hJ *fl°l -S-7> 

°1S ^S, 4^(<H]» »<H 4^, 8^) ^ cf^ nflsll «W °1 el £ 32H i^cf. 



^^0^ Af-g^ H ><4 ^-o], •• «§j-x] <^^» o|e}^ -g-o^, aijt ^-Afsl^ ^>7| >MJi# Aj-g- 

#«H1 S]sfl eJ-^1€ *r 51 fe ^^-S =L *i3L2± up-g-sVfe -H-^l -§-7l(^# ^o], ^xfl^ o.^ o]^ ^ ^ 

l-eflo)E oj 4] ( we n)) <3<3(SE- ^ $} Jf^-)* S) n] tl-cf . tc|-al-A^ oj« a]j. 7 |. ^^(ojjs. s.oJ 

H^ja a-B-(stray) ^^7l ^-aHI 2lsfl -##5]^ nl^E>olEl 1-51)o1eo| o]^ ^)<HlAi Afl^ 

«a-?-7> sl^^r ^fe4. ttfl. Ajji7> ^H^(buik) ^#2) <a^-<4 Aj-j:^^.^, ai^sj. ^j:^*!-^ ^-Hiofl si«fl 

#^1* Safe ^2: -tlis- ^sj.^ ^3. avs-o) s_s. ^ o. « eJ-^i o) <y 5Jo)cf. ^Aj.^ 

i±e1elS.-^E^ #7fl3o} ef^-g- Efl^HSVfecfl ^-^o] ^ o.^, s.^1 ziE^>cl-. 14^, 1 m]( i x 10 " 6 m 3 ) 
olSV^ ojg^ ^i^ol wJ-^-alsJ-cf. 1 ^(1 x 10 " 9 m 3 ), 1 nl(l x 10 " 12 m 3 ), Efe 1 pl(l x 10 " 15 m 3 ) ^ ZieJ 

?V 3 ^13* AHS1 «afl2l- ^1 a.cl- ^ ojo^ol jicf uJ-^-aj^cl-. n Jicf sfl^s a>^-^ ^ Sa.2.14, 
^-^l^^lfe #t\.. o]±- ^cf al^- sflajoi^ ^ei«}-^ aas-o,] ^-^o_s_ Al~g-5lfe ^-5., oj-^ ^ ^ sflig-sl-^ 
cflAj- $a># Tim^^S ^-g-?!- D J:^ S«-^l ^ sa^l ^§-01^. 



^ ^lAHi^ a>^-^ " ?1#^" o)e(-^ -g-cHfe, Sfe #^3°J #el3 < ai-^l- ^sl-7li4 afe <H^^ ^Eflsl 

Al;^ ?H-*y-8r f-sflA^el-a, a>o1oHa| ^ 7 1 cfluixis. ^J-g- Slnl^cl-. ^-Ol^A^ » ^s. 

^" -fh, §-A> ol^E 7 l- Al^^^oj JjL^-jnJ. 3]^ #El3 ^(OJI* l-Ol, cflAj- «-X>7> AJ^S-OJ £? 1 

^:^*l-fe Ajx?!^^^, cflAj. -g.74 01^^71-^^^ ojoj a ^o.^u. E ^ ^.^q^s. ^(<^m 

9°]. "6-^1 W-%-7}5] ^1- -f-cfl SSHf ol-g-SVfe ^ 4|Tg^ ^) ^-Ajs^ Al317l#^ S. 

^» i^&^-cl-. oleRl- ^7>3 ^ E)l 21 ?l#^^^r. ftl- Sife ^^<>ll, *Aj-2l O.^. •• 3] ^ ?1#^" ^ " ^ 

?1#^" 01 ej. 3tbt*. 



-S- «3^lAicH]A^ - Efl^e Alj:- b}^ ^ ^ ^ X\# (ac time varying) Sl^^-cl-. H>^al5>7fl, # 

3 ^Al ofl6)]A^ efliE a] [Ji^ 10 MHz, 20 MHz. 45 MHz, 100 MHz, 500 MHz. 1 GHz(l X 10 9 Hz), 2 GHz, 5 G 
Hz. 10 GHz, 12 GHz, 15 GHz, 18 GHz, 20 GHz, 25 GHz, 30 GHz, 44 GHz, 60 GHz, 110 GHz, 200 GHz, 500 
GHz. 2.fe 1000 GHz ^ n. aH^ 10 MHz(10 x 10 6 Hz) Sfe n. 1000 GHz(l x 10 12 Hz)Efe 3. o) 

H>#2l^- ^fl^ 10 MHz iflX| 40 GHz <>H, ^} vi}^t}7]]^ 45 MHz 20 GHz ol^. 

n. 7ii a 
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2l«fl, -g-7>r» ^ Sl^l S)J1, *>1^!H# ^]SV7l ^8}| ^Sflofl A>-g-S|Al #7^-71 ^ 

3.£r ^ £*|tJ|Aj-g. Bfl^E AHS-ofl 5|iE Al^-g. ^ 7 )o\] tH1-^^-O.SM| ^ SUCK -g-^l^l -fr*l*ll 

^•8- «Hl^B 4! Si* ^2:S>J1, ^t7>^tb ^!J> -g-^"* -fl-fll^. -8-^-& Sj^r (recover) 5)Jl, *1#* ^ Si^. 

S] *J-Jl*t-g-°1) ^7}3_ ^2:^^ Hf2l-. 7fl 1 -@-7><4 c}- = ^so} ^^(ofl* ^-o] , -g.*)- olHflE)s.-g. bJ- 

^JE. Slcf. -fr^r W ^ ol^SSl ^ -ilt^gr «W. 71^1 JLSfl ^(ffl) tflo(M o}«^^ ^ 

aV^SVTfl^ >S#«J-^ «-^oH^^ 71^4 s.^^. fl-Tg*> 7 ] <a*fl ^ (7Kte)2l a^*^ &3°fH ^A] 

5)^r 3}°1 hV^-3)5V4. 



S^fe -g-7 r O^E 7 | o^l} fe Efl^E ^#of| Bfl^E Aljr^. 7}-^ A] 7]£S. ^Jg-Sj ^ ^ 

HJL«.» afl^tr. EfiS -{Ml *1#-g-7l, -fMl a^ a^r ^€ -t^HSSl ^.(welD^H 3*1^4. 

<%S>-5L -B-Sfl X^J-g-71^ U^ofl^ Ellij= A^} ^A>(^)^C1-. £a)- olHgeofl JE«-£]fe o.^s,] S 

-^-gr BfliE >g2:Al^ -g.X> O^E^. *\±% ^-Q^M) # 

*1€ ^IJl-g-^fe ^-oRV -g-'S-fr 7>x]fe «U> Alj:$ ^l^tlr^. ^ f.i -S-^ 3]^r5lJi, ^-7> ol^H^l 
-S-7> £^ ^•aV-i-sI s>q- oiAj-o} 2)- ? v ^at ^11 ^^4. 



ITT. ^171 i^sfl 



£laira ^-^ofl ci|-=- -f-^- ^1 S^Sfl(100)Sl ^AHls. ^1^. ^1 2^^](100)^t ^*fl(230) 

^1^^(150)* ifl-W. olslt!- -S-Sfl Aliig(i50)£r -fr 0 d ^(152) ^ ufl# ^-¥-(154) 
«■ 7Mfe -B-^l ^^(151)* a^-tbcr. ^^(151)* tfl^e a«s^ oj^g. o.^] ^ol« (i56)ofl Slsfl ^Hs)^, 
H ^l^-^-^r ^sfl S^SHl^ ^ ^I^Hl ^H^-8r *«fl efl^B 7]^ 

<d^^ *i #-§-71(158)^ ^^(151)^5. S.<a^<^l ttl-el- 7-1^7l(157)vflo11 7.^^ Efl^e AM^ii). 
^^^^12 -S-^tfl^ Efl^E 4, iicf. ^l7l<Hl °J^*V ^ 7fla] Efl^H Afls^ ^ iife 

^-eH o^gfl, olel^ ^cflSl cflo]E^«-El ^ olBjesl ^(kinetics)* -8-^s>7fl ^ SlTfl ^cf. ^-^] 

•¥-(156)^ EfliH Afl = ^- xl^l ^^is) ol-^Al7l7m, 0)1-1- -i-cH (sensitivity) 711^^- ^-^1 

Cg^^Ai ^ Al^Oj- Efl^E AB=^. ^A)A]^ ^ ^4. 



= 3:^^1(230)4=- ill *H= (230a) ^ <?!^ ^-¥-(230b)« i^-^cf. (230a) 4=r ^11^(151)21 

#7il «^^(155)^1 wfl^ls] Ji, ^1 <g<3(i55)-a- ^-j4*l-^ Efl^s Afl^-o)] ojaV Efl^e a1 ^s. ^x>7l^ Tll- 
^ ^1 ?l-& ^1-8-i- ^4. Ell^S Efl^e Ajxl- ^3:^l7H, ^2. ^ °J-¥-fe *HH(230a)S. ^A>^cl-. 0)0] 

^1, ^2: AlJ:^ olsHlAl ncl- ^A^sfTfl #^l7l 2:^*IH Slsfl 3]^^^. ^ ^H1^, £££ *ll^ 

tTi #^l ^^(155)* -f-sl-*]-^ Ell^S EfliE A|J:# ^SKH ZL ^gl-S.^21 HVA>A]Ji^ 3]^SHr, 

n]o]M.S) 7fl« 0 v-c+-^ -¥-gr<a ^ ^cl-. nVol^^olu ^-«1-^121 ^aV^, ^. «J-^Sl ^ aJaHHa-1 7M i=HJ- 
(^r^-^ (shorted) S£t=t ^¥-*M (loaded) #-¥-) ^ 7lE)- ^ {^^^91, ^}3.S.^S.^, ?flolH. 7 l- 
ol S, 7m £4: 31 ol *7}o]zq. &^)o] A\£H ^ ^J^. o}- o^^. ^Jolcj.. 



^-^(230b)4=r olsH^I -S^sH^ ^-Af ^-Al Al^Ej^ £6^ Ai7l^^.5.(3l^ SE4=- ^Ti^Sl- -f-Sfl) 

==L«.7V ^-2<?1 ^aH-?1 ^aHHIa-1, 04^ ^(230b)^ -g-Ar Al^6j o.s.a.ei <a^-*>fe * 

-3t?IM-I-, 3.^^ ^-O^ ^7Hl7ll ^l^tl-SMA-^ <a^^- 71 El- <a ^-¥-21- ^-gr^j^^-^^ 
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*t &4. ^14 ^EflS] ^2:(°fl» *<4 TiVolas.^E^ =) 7 > A>-g-sl^ 4 4<32| 4= ^hh^, 043 

£-*r «-*| O.JL2] 43l afl^^l 2]4 3*i4 <g^-?-l- i44 ^ &4. 



£ la <H1 5>1€ 44 £°1. -fr*H o)^ 4^(150)* f-44fe -B-All ^^(151)* 3E444. -g-£ofl 4 

21-. 4*11 >H^(151)* <^S|7M1' ««||* 7}-^ ^ *14. efl* l-ol $J ^AHod^, -fi-s)] ^(151) ^ 4*1 ^^(155)^ 
SIS. tliS Afls^. o)^Hr Tefron 7 (1-51 tflSel-l-^iLS. oil €sffl;PTFE) £^ 714 33 -g.^^ o]4 s-s]u\ #(cfl 

# »<4 TEZEL™ (ETFE)4)<S &4. 4-1- *1l\t(151)* <>1*H|4 jtcf 4^]*) *H3«Hr 4^**11 
ol^ ^^2) olAj-Sl ofl^J^ 4^(7114^ Bflifl^)* £444. 44 45L2] 44* ^fif), ^ *fl\j 

* iL^ «■ ^1 ^(155)* Tll^* ^S. 44. 4€- **M4M. 4*11 *fl^(151)* ^§-44 4£*l ^el ?1 

** *«| *8444. 4^*^ £ TO«MH ^(151)2] 4€- ^ $ f £ f ^ ^cf^ ^-g- O)^ 7j) 

01 4. 



%M ^#4*1 4*1 cfl^Sl ^/S^ ^14* 44471 ^«|| Al~g-444 l-mla(Dulbecco)Sl 44*8 nflsfl 
4<3 # (saline) (d - PBS) *a> D fl*(|# o]^ -g-on o_ s a]-^H ^-§-43 44^1 a>4 4^4 -fl-A]^ ^-g- ^ 
4 4 $14. 4 < aA r 7 r 4 4 $1^ 44 44 DMSO, 444H4(Na3P04), MOPS, °J44 a]e a.A}.<* ^e)4 t ee) 
SL«|olH(autate), 444 « 714 #4<>1 ^. 4# ^AHJoflAi ^ ojcf. 



-°-^)l *im(151)£- =S.u.(230)7> 4fi 2:A>(^)e>^ ^-xl ^o4 (155) ^. i^cf. ^1 °J°^(155)S1 -Jf 

«0 ^^(151)31 »^ ^ *1 ^cflAj-^ ^ £ °1£S>^ Al?J-, B)] AE Afl^ol SD^-g. ^-4*1-^ ^£ «3" 

^7}7\ oflAj-^ ^ cf= Jl^-i-g- i^-^fe «7M ^.A-S-ofl o|«fl «>fecl-. ^-A] <gq(155)»1|Al Jf^Sl-(i m 

mobilized) *g-x|wj--*}ol ^fl-g-Sl^ -^AHloflAi, ^ ^1 °J ^ (155) MH ^^5)57, zz. X^S] fl.^- 

^ S.&$\ #2). ^ ^^h, 7lEl- f^AV7V oflAj-^ 4, 5ife OJSfl OJ*^ HV^. ^jo)cJ.. JDiSI ^1 

Al?jol 371^ 10:' m 2 . 10- 2 m 2 , 10" 3 m 2 . lO' 4 m 2 , 10" 5 m 2 , 10' 6 m 2 , 10" 7 m 2 , 10" 8 m 2 , 10' 9 m 2 . 10"' 
°m 2 , 10-" m 2 , 10-' 2 m 2 , 10" 13 m 2 , 10" 14 m 2 , 10" 15 m 2 £^ 3. A|-ol 2] 37l7> * ^ojt).. uV^3j5>7)l, o]^ 
'S^Sl tfl-?-&-8- M-a^^ £ i= a ^o] a>^.oH ^ ^l^moflA^ ^^cf. olAj-oflA^ ul-<g^ a^o] 

«S«q ^el 7]^-i; ol-§-SV^ a1>,^ ^ nl^l-fi-^l ^^o] ^. ^0)^. n cflAjo]], ^7||<Hl ^a1^ 

^^^SKproteomics)* ^4 ^ cf^- ^^-g-5.ofl A>^-^ ^ ^1 °J ^ (155)* ^^tt ^£ ^A] <^ 

^21 371 ^ ^A^-O. ^ ^cflAj- ^7]. 7V%-^7l* SlS, 714 °l*HlAi ^ ^ ^-cf. 

^-4 ^^^1(100)^1 £Al^ ^AlcfloflAi, -B-Sfl ^H-¥-(156)^ A^^-7l(157)<Hl -g^^cf. -Pr^l ^H^-(156)^ *m 
(151)* Efl^S 4** o]^.Al?l7] ^«fl ^^-8-71(157)5.^2] -prafl* c-le^V ^Jol ^1)^^- ^8)1 aw 

^«1 ^fl^fe ^ fi.cJr ^-gr 421 Efl^E /«f|. igjLS. *|-7fl €4. 

^1 2 7-1^71(1 58) # <^l-8-*H, A-lA>^-7|( 15 7) Efl^E Afl^Sl ^t}"* 2)S(1 ^1 2 -g-A} tflAj- E|iE ,«l|| a] 

n- 5^4. °le 4 «- AJaHHa-1, o.^ ^o1«.(i56)i=r ^7fl2] Efl^e AflS^- Al^©]-7fl ^^-S>J1 ^ %Al <^ 

°4(155)^S. n 1 ^* ojelt}- 7l^(**H a^ **^(stopped- 

flow kinetics)^.^ *^1S|<H 44 ^•4)°fl ^Sfl, -r-71121 efl^e Afls^. o| s^aI ^cflAj-s. A>o)oflA^ ^ o) ig 
H7V ^^-ofl 44 Al.s -g-^-21 S-^Al-71- j74#4j1 7)S^ ^ SiTfl «4. °1 ^ ti" «Hl«>lElfe £4 ¥ <«#4 * 

4cflAj-^ a>o|oh ^ o)^s) ^4^31 ^ 0^4. i^E^-e|o|-, «isb!4<h1 i^l4fe 

Varian Australia Pty Ltd. ofl 2l«fl -Pr-f-Sl^- 43: ^1 Cary 50 4 #* ^a]a^ _ o.^. A|^ig 

Si -°-^7ll» ^- ^ifloflA) £-8-4^01 ^-a] S^*)l(100)vflofl 3I-8-H- Si4. ^4^1 *^l7ll A|iej 

°H 44 ^7> ^Ifewww.hi -techsci.co.uk/scientific/index.html # $14. 
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71(157 158), -fMlTfl 71E1- -f-g-S-a- -fr«fl <>1£ (150)3 ^&<L3. 

£ lb *r -fr* «1* ^-li^Sl cj-g. -aAHl^ S.Alt.Vcl-. J£A]^ H r <2}- £ol, ^1 ol^ Ali^(i70)^ ^-g- 3)3.(172). 
t 1 * -¥-7.11(174). Al^^l (syringe) 2:^*11(176), « -^-^1 *im(178)-g- i^W. H r *M*MI. -fi-*H °1* *1^8(17 

0)£- ^ H£« 3^*1] (230) 2} sq^-oil^ sfjsqji ^*^cf. zieiq-, ^si cf^ ^ahh^, -B-sfl o)^ Ai^ig 
(170)21 <a-¥- £^ 2.^ jr^a. 2W1(230)°11 ^£ SM. 



t 1 * 3-§-(172)^ ^«g^>S.-¥-El EJl^E ^s (175) ^. n^o. 2:^^1(230)^1 ^1^ 

^#21 s.^ ^ ^1^71 iHt!- 3J/S*t ^£5. ^^*>7l ^ -g-^-ofl a)- 

el-, ^p-g- S]5.(i72)^ ^-f- ¥-711(174) ($J ^AHHAi q-A><y ^ 5a^)«- *H8*Mj1. °H ^lfi^l 3fcU*l|(176) 
21 33H^e}-. -fa^ir 2)£.^ -fMl ^(178)08 -^HHH PTFE & °W)3. -g-^cj, a* 

» 0 V#Sl^ E)il Al^ofl Sl«fl 2A|.£l^ <t*l O.S ^"71 *fl ^ ^ 



^^1 ^21 -grXV!- ^1 31*t ^t* r 7] ^| «fl A}&5\^ ^JjL, Aj-Oltb ■g-elSM ^Sfl «J 7}*! 7l<£ 

°1 ^>-8"€ ^ 5)EK *VM-21 7l#oflA^, 0^(0)!- s.o 1> 5^) g> q. o^o^ Afl~ -^^ (plug)7l . jitj. -3 Sfl^H* 

«^ 15 Xrf)2l ^ AflS. S-elzLofl Al^*>7ll4 31^ 3 n*» ^ <&t±. ^)^)^o] MS. M.^^ ^M. ^ aBS 

^7> Afl^ ^ £ ^ ^.(msulate) S) ^d-. ^-^^1 ^^*>7l ^«fl ^-i 31^2^ 

*>7l ^«f|. ^gf »elrz ^/eh ^<fl, ^-71 -freln-t- ^ E«a«- ^S. ^l ^s]zl^ -R-^l 

^11^^21 Efl^H ^1-21 ^Al# Efl^E Ali E J(£^ 3j-<a7V)ofl7fl ^^^71 ^1 ^1 -^S-A"! A>*Jg ^Cf. 



Ef-g- 7l^lAi, ^-Ol^j. Efl>,E AM =.2- ZJ-aq. «-^S>7| ^Sfl, O]^ Bfl Sfl (^ ^ ^£ SUC?-)* ^ °]%-^ 

t£ Sl*-^, °H 3. ol-g-Bj-^^. USP ^11 6.033,456. 5,858,187, 5,126.022 7flAl^1 nl^^^l ^-^ ^ 7l#3}- 

^ ^1 ^ 7lE}- #Al Ali^oflAl <aHV^j o] Z\ i& nfl, ^ #z)^r ^1 1 Efl^E AflS. 

^ofl ^fl^qis 5L<351j1, ^7>a] efliE Afl^ (a ^ >g#»)^ aj-71 ?_V^ ^°11 ^D^xflS 5L<ysH, Efl^e a»^s. 
^ -B-^l ^H^-21 ^H^oflAi All'i^- *«fl ol^-sJjs.^M), #q #^ofl 2l«fl ^-el^ .g^^ Ajol^ Efl^e ,»ft 

*mSr Ol^^Cf. O)^^ Efl^E Afl^S-ol AiS ^OlAl ^"Jl O] ^S) Tfl ^.S.^ . El] ^#°1 ^1 

^^(155)* *^l-(£^ °jA)alo.s. ^lsH)^,] i4el- 21- ^iE Afls-ofl ^ 7flt^o.S ^1 ^^(155)^-21 
ol 01=-^^^ 



^21 -S-311 ol^. j$o\ Ali^tflollAi aj^. H 7lSl #*1» ol^ ^5L Zie^ ajife ^1 (Shoji) -f- 

°1 Eletronics and Communications in Japa, Part 2, 70:52 - 59(1998) °11^ IkS.?} " Wlk T-lie^^- ^tb 

^5. ^13: (Fabrication of a Pump for Integrated Chemical Analyzing Systems)" ^, ^l^^l (Esashi)-§-°l Sens 
ors and Actuators, 20:163- 169(1989)°fl 7]^^]r " Normally closed microvalve and pump fabricated on a Si 
licon Wafer" 2f oVola. 5 .<a^E S .nl^u|^ : A^^ (MEMS) ; (Moroney)^«>l Proc. MEMS. 91:2 

27-282(1991)°)l " Ultrasonically Induced Microtransport" °fl 7]*Vl$. «>2l- - ^7l 

?Vcl-. ^Z&|u|-, =^ ^ nlAfl-pr^l^l ^HA^ ^ = (^1 ^JjL)^ o}%- «^ ^HlSVAl ^ ^ ^^7l^^ 

ol^-S>c^ oij^s. ol^Al^cl-. nsl^ ^^--71^ ^^Sl 21<>1£ f7W ^Efl7l- " ^A>7l-pr^ 4(- ^ a - (EHD) ^ " ?i 
7 r ^ : f- , a-(e)ectroosmisis)" (E0) °lBrfe- ^^1^.S. ^^^c}. EHD ^-fr «VS(Bart) f-o] Sensors and Actuator 
s, A21 -A23:193- 197(1990) »fl HE.?} " D)Afl^3:^( m icrofabricated) 37>7l-Pr^l^?l- * al ^] E-) (Richter) 

•i-fl Sensors and Actuators, A29:159 - 168(1991)°!] ^tS.*\ " olA-fl7l-^-^(A Micromachlned) ^}7) ■^■^m^ ^ 
S" «^1 7flAls]o1 EO cl-> : ^-El-(Dasgupta) : W-ol Anal. Chem. 66:1792- 1798(1994)^^ «cSvV " 
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^•r-^: -B-S- & A ASr ^ISl^Si^ -fr*ll ^^1 *]^*$(A Reliable Fluid Propulsion System for Flow Injec 
tion Analysis)" *W 7flA]E|<>| ^cf. ^ Al^oflAi xj^ofl 2]sfl 4f«fl# o^a]?!^ EO ^ EHD ^ 

^fl JL#<fr PCT #$! WO95/14590 X^l 7|]Alslo1 WO95/14590 

^3 * ?H-§r ^SRr U-^. U <H^7fl 2j-^Al7l^-7>ofl tfl^V ^7>^o) ^-g. ^1^-^ ol^-^ol 

ofl cflSfl ^<g§>Jl Stlcf. nHl-fi-SllTfl ^loflA^ o.^ ol^ofl ^7}%°} *l^-8-, ^ f"W^ =r&£- ^r*lS 

^ &-§• 3 0 lcr. USP 6,033,546, 5,858,187 ^ 5,126,022 °fl 7flAl^ nl Afl-#-sfl7jl &*\ 7l#°fl -^^^ 
al-sq- £°1 °.%) o]%. «. 7 > -S-sflsl #7H^( electrophoretic ) <>l-g-sKr ^-¥-ofl, D fl o. aps (0 . 00 i ^ 



o^Ml ^Eflsi -B-sfl ei«« *l-g-*Hr 7^]fe -g-^ omeh 41*3 #*1, £r5L jHH^, t^* ^ 

g-A} ?i^Hl-4 #3 ^-His. s.^)ol 7 fl^5lo1 ojcf. .£ ^-^ol ^*fl2l(*] -n-Sfl Al^ofl ^-g-Jg 

^S^r Al^^ofl ^ft ^<*]7l nfl-g-Ofh 7l7^]^«?l 5g = <* »Hl-(bubble) °l-§-*Hr ^SlaUM -3.7] 

4) ^S«* °l^*Hr <>l€Sl cfl^(iafge- scale) ^ ^HI-MItI] n 7>*ll7r -g- a}-^*] <y ^^j. o].\J\^ i zl 

^ It^sl ^a) 7l#o] ^-olsfTfl <r 51^ ^ tf^olth o]H& «.o>o| 7 ]^oH 

ft^-Q ^ SX^. ¥r °)^^: 7.1^^4 ^tg^ %*\7\ g-^ Al^^oj ^ 2* 

«8-«Soi oi^s} o.^ o]^ A|i^ofl o^^Tfl aj-frSJ'^ls ^^7] ^Sfl, <aaval?l ^#<a 5!olc|-. 



«4* #«H. ^^^^-S. «1 (uncharged) #7H-§. nl^l^Tfl ^, v]^^ #x}2) ?i 

71^1 ^ -ffSflS] Jll-xflS. g-A>^ l-5lnS.Ai2] Elil AflfA ^-Ol^Tll o]^-Al 7]^-, Afl^ofl *]f% 0_S. 
^- <>l£r ^1 7] (ionic strength)* 7>a]^ ^ #^0] ^ ol^-^cf. fl#3r 

»^ ^ -n-^]» ^l-g-«V^ ^o] -n-g-SW. Zieii4, -fr*H7> ^-tfl^j 0.3. a1^s>t11 °1-S-S>^ ^-f ^2r, ^ 

^3<?1 .«8«* «1€ <?1^ tfl^S. ^ #4 ^5)^ t4t ^ 3RH Ai^Vc] ^4-), tfl7H 

0.1 Ml^l 500 /im(Hr#2ls>7flfe 5 ^fl^l 50 om)^ ^-§- 7]-x|fe PlAfl^-SflTfl ^^2^ ifl-g-#ol v+fl. ^.^0] 

SZ* ^ES fl-S.7> 2j-^ofl^ in} <a«i^ol4. ^altt Al^^vflo)lAi 7 >^- <£»m°l 7) 

S)l Bl^ol^, o] nfl ol-S- ^]<H-¥-^ ^3. °1^(peristalic) #51^ 0.5. ^fl 

^-2. S) Al^tfl tVnfl Slfig-^ SMA1260-O-5. $lsl^l ^-<a^°l g-^ A]i^)o|]Al $JuV 

Sfe ^^2] USP ^1 5,992,820 Jl°fl 7flA]^ h>2}. ^-ol, n]^] Tfl a]^^ <s\X\ ^1-^. o|-g- 

*cf. 



o]e1*-n-^|7il Ai^^oi <a^ei t+^s] tliH ajs.^. g-A|^ 7 ) 1^(111^ aj.^ ^e)aj ^lvflofl^ «j.v+ oj 

* "SH}^ 6.S i*^. H Al^Ej^Ai, Efl^E £ - ^ ^ofl o^^fl Oj^o) Ej^E S.^} 

¥r XII 2 -frifl Afl^vflol -B-SflSl o|Jg-|- 7 flt^ ^H*cf. ^1 2 -S-^] 4VlS.-?-E)tf| ElliS ^^#(^)^- ^-a] <^ ^ ( 
155)AS.-?-Ei #g-«l -^-fl-oflAi 7fl 1 -ft-^n ^fl^msl Efl^E ais^ £<ysl^, nofl nl-ef EiliE apso] ^] cgo^d 

55) Oil S'SoW ^Ofl Efl^B £*«-°l ^1 1 ^fl^lflSl Efl^E AflS.^ «^ ti>o.^. Al2-g- 7H7fl ^C>. 

ElliS A]J:2l ^7V^O] Uj^l o^gfl Aj^Sj-.g-ol <a<>l^Al£l 7^ ^ ^ ^ Cf. ^ ^i^*0] ^7fl2l -@-A> 

as. Al-ojofl ^-A))^ ^1 0L£ $2^7^ 5Jo)B^-<a(^- -g.*^ ##ol ^ - 7 |)o) A;b <y ^o. ^^. } 

H EjiS Al^fe ^1 1 ^^.iflSl g-A> g-^cflAj- £i=. ^} 2 ^^iflS) EjiS ^^-#£1 ^-7fl« #*lSRr3| A>^-^ ^£ 
xic}. ^ Aito)lA^ <gai^o] ^4 ^-ol, £_±g_*\ ^-Alsl^l a>-g- g-Ar-f-a- ^*(a^=- 71^21-21 3:4, 
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3 #^<hi £-3^ u^si efl^s ^«ir* i-^i simifls. £<y*Rr ^vf- -s#*y #*i« ^y\s. sa^. 

■^S] Efl^H ^Sl-Sl #l^-o)l cfl«fl^^ ^ ^ ^ 71^ ^-frSr. *V*2J- 

7flAls]ol ojc)-. 0)1-1- #<H. cf^r^ Bfl^e .if «g ( we n) o] z^s) ^aJ-o)] n>^^ ^£ ^ *|*«8 A] a- eg 

ol Aj-oi^j. ^ff z^ai Efl^e Afl-s 4Sofl ^--g-^ zl^Q ^l7l z| z}- ^^.-^ 

3 !r*l ^fl^ol a)2}-5)^ ^ JH*l(5E*r tiV-g-^u). 31 ^§421 ^^-ol ^A^- ^-fofl iLi} fi|=?> 

21 $1*1)5. "iliSl-^, Efl^s Aflss-o. o.^ ^ Al^^ofl oisfl ^ °l*| S o.S ol^^cf. ^ofl, -Pr*ll »H 

Cf€- ^Eflo] ± ^ ^a-e AflSo] 7>-g-3^ #)^7> 7UA]5]CH flO.^, o) ^ .g- ^ ^ ^ofl Efl^E Afl-S-g. ^-g^ 

31 -g-oisj-Tfl ^ Sft^; «i* " ^31 a.s.o>£3.efl3] ^e)* ^ ^ ^ aJa^" o]e).^ 133 °i USP 

*ll 4,468,331 Jl« #2:t> ^ Sicf. 



^ = -3.ti_ 

#3! HS.ti.T- #^1 ^^(155)* ^-{f*Rr Efl^E ^«fl Efl^S Alsl- t^A]7)SS. aj-^^Cf. EflAE Aj^S] 

-n-^^l -!R1£- Efl^e Al^s. ig^Al ^ji, =l Al^o^ ^<>|5. ^Hfe ^ HS*i(230)# ^=*fl aVA)-^c)-. hVa)- 

3 T12 Al^^ H5.H.<H1 S]5fl 51^5]J1, ^l^oflAi iLCf Aj-^]^ Ai^^ EJ-A] A]A,^ ^^"€4. ^. ^ofl, 

a1 Aj^ig^. o]a> f|iE AlJH- «Va>^ AJ31S}- tilJasyj?, afol3.s.°Ho)H. ^^-oyollAl ojuv^ 0.3. Jj!sD*)i=. «> 

SI" ^ ^AJ » Su 0.^-0. AjAj^. Cfl^S] ^-Af Ol^EO) O.^S), S-A^O) Aj- 0 1^ 7) nfl§ . oJ | > Z| ^- A) cfl 

Aj-o) 4^ ^AJ -g-^ ^tH ^ Sa^, W)^-x]^J Efl^e ^-aV o)»fles. ^-a) fl-tg^ a^-g- ^. ^ 

HS^ (230)tt €^>fe ^nHrC-i-)^ eII^e Ai^s. a1b).^71^ ^^t!: ^el7>xl Aj-o]^. ^Efl^. ^ 

S.^ ^Al^o))Ai =5.H.(230)7> ?floll-OlAln]:, nfo)35.^E^ j A-E^e}.o| 7 )^. ^ 5Eol t ^ 

^^^l(coplanar) ^01^.71-01=, ^01^.71-01^^.0] ^. ^-igollAl Al^^ 0.5. Af-g-^ ^ 0^^. o^ b] 7}^ ^Eflol oju. 
^IaI^o) ^AHl^, I966^d^ McGraw-Hill #*AHlAi R. E. Collins 21 *l-olaS.$l)ol b ^-*J- 7li^ ; Les 

Besser and Associates, Inc. 2\ °\)+. v}*}(S. March)2l lgse'riS n>ol3s.?flol a. ^J^. ej-o] * ^ ^-5]^ aj^( M 
icrowave Transmission Lines and Their Physical Realizations) H- *r SU^r. 

H-S.ti.7l- 21-^S-^ ^s)-^ ^^-i-o. (230)31 ^-^o)i a)- el- ^-el-^ <a«v^ A£ 10 MHz 

m*l 110 GHz ^. ^Jolcf. hjs.u.71- ^^2} 0.5. ^5)^ s.^ ^aH1o)1a^ .§.#3 0.5. 3)-^ ^4^^ 45 MHz 
20 GHz $1 ?Mcr. ^^fe ^. ^-^^1 ttj-e}- ^a^ a S a;} ^. ^-^o) c}§ aJaHHIa^oi cfa ^ oiofl 

Ais Ai-g-u ^ ^tj-fe ^-i- $}■ ^ ^j<^m. 



£ 2a tt ^- ^-^Sl $J AjAHlofl ^-^ (resonant) ^EflS. H5.ti.(230)2l ^ 1 aJaHU- Q 

cf. £Al^ ul-Sf ^-ol, H5.ti.(230)Tr ^7fl2l is. a 5. u. ^||£(230a) ^ 9!^. ^-¥-(230b)# ^Hl^-cf. ^-^ Aj 
aHHIa-1, a^H ^^(230a)TT 7fl« 0 l--^^ ^ ^r^-¥-°lJl ^-¥-(230b)Tr -^^-^Eflsl <g^-!f olo], 
^EflSl <3^-?-£l 04 AjAHl^ SMA 5Ucf. ^^^l-Tr cf^- ^ (aJ-ol3S.^E ^ t ^E^sl-ol, El-oj, 

^^^^°J ?llolti.7l-ols, ^lolu.7>olH ^4 H (shorted) (loaded) ^-¥-)°l 



H5.ti.(230)T-, #° n >- ^£-¥-(235), -B-^^l ^xl-^(236). ^ 21^- #51^(237) (*Aj.^ o. s ( ground 
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potential referenced ^1^71 ^sfl A>-g-^cf)-i- 7\t\ ^7fl2l ^«-( 2 32 ^ 234) » ^7\S. 2.^^. XI 

1 ¥-€-& tttfSi ES^ Sl|i=(230a) « ^ «0S.«1| tfl^SW 3*lS|*r A 1 (gap) #¥-(232a)3. o^o^l^, jq-z}- 
£r ^ ?1H-i-2l 7fl»8--^-¥-^ ^-^€Ct. («rfM*Ml^ ^S.^^1)(231)^t £SM *1] H. (230a) 21 

#5i¥-(237)2r -¥-^€tKn>«-a|<r>llfe #5L>S ofl^l SL*r 7]^ #^o)| o]sfl 



*8 2 ¥~€(234)£- ^°o v #5l¥-(235)2r #5i¥-(237) *V°H1 *rl*l*rfe -fr^Xl ^<3¥-(236)» 7 r Xfe XI 1 ¥-€ 
(232)4 ^-g- 7>^lcf. >0 2 ¥"€(234)^ Xfl 2 ^ #¥-(234a) ^ nofl tH^c><^ 21*1^ <&¥-(230b)-«- 

^7>5. SW}. X| 2 ^ #¥-fe ^ *Hl-3l 7Bf}-^ -#¥- ^^o.S^1 ^-^c}-. #¥-(230b)*r «1*HM ^ 

Al^joi i JjL£. « X| 2 Jf-g-* ^ RG401^ ^ o] nfl ^ ^ 

°- Tflol-g-ol A>-g-^ ^ 5^4. X| 1 ¥-€-(232)21 o]«|4|A| ^.c|. ^1*1 ^.SHr H r 2r z>ol, ^*>fe 3. 

^ ^sH^Sl s^J-Sl °f 3^.2.3. ^ Sic}-, ole]^ -M^ofl^, X] 1 4 <y*M:2, °lfe 1 GHz Efl^E a- 



1^21 s.^ -M^HHH, H3.Ji(230)^, XI 1 ^ XI 2 ^ '3¥-(232a ^ 234a) a}o1«h1a1 2l^7>^-*1-X1 
nfj. 4o|oJ 7V^^?1 g 7^5l# Xl¥*rfe- ¥-Xl(233)» i^cf. H ^ *\] 1 *3 XI 2 ¥"€(232 ^ 234) Aj-ol 
°fl •ft-1r'(8ft)'ti Jl^I- X|**H, XI 1 ¥-€-(232)31 #71*1 ^olfifs^}^, = 3.21(230)71- o^sl^r (€-A}tflAj-ol 
^fe)"ll^« SAVlJ- nj| ^ Al jr -g-^ c1^^c|-. ^-Xl(233)^ XI 1 ^ »1 2 -¥-€-(232 ^ 234) 

A\o]2\ 7£Sr <a>J ^^Al7|s.s- s);^ 4: o^^ 34j ^ ^ =SJ±(230)Sl ^ ^S>fe ^^SL 



d\]x\z\°] ^ahioi|a^ 7^ 7le|7l-o ^1*H>^ 0.050 ^1^1 4°H^ 7}«afi ^ Si^, a?> ^ t^si -a^H^-H 
AV-S-sl^ «*Vfe ^ 5tlfe 4# ^ 371 51 7>^ ^ 5U^. ^f^fe ^-tg .g.^ Efl^e 

^liS] ^VA>^ o.s. ^.(null)ol E|fe ^ ^, S|^ SE^- S „ S| 5L7]7l- ^4i^-S|fe «fl<>lCr. fl^oflAi 



«>^-3]©>7fl, ¥-^(233)^ ^"^ tlliS ^3Hr ^1 1 « ^1 2 ¥-«- *> 0 1^ ^^1 frx]^] ^Sfl ^cfl^ 

°S s ^£A^^- 7 l-xlfe #^S.^-El Xl^€ ^^■(4'^) &°)tt. ¥-Xlfe, XI 1 ^ XI 2 ^ >&¥-(232a ^ 2 

34a) ¥-5"^^ *ll 1 ^ ^1 2 ¥-€-21 ^l^- ^£¥-^1 Hfl^l^ 21^ M-^(238)^r ^#e)fe vfl# ^K233a)# S»« 
SZ^. ^g- 1-^21 cf^- ^aHHIa^, Y^(233)» >8^fr ^ Si^, o) ^-f XI 1 ^ XI 2 ^¥-(232 « 234)^=r S> 
v+Sl <2#2j <y ^ Bl-ol ^-2:# afl-tt ^ sicf. 



^^21 ^AHHlAi Cf ^ Ajjr -g-^-g- Xl^-^7l ^«fl, (230) 7V 1^= ^S. 3.W T" Si 

<=rfe «1^J«- ^<»lcr. afh.^^- (lumped) ^efl, €^>€ ^efl, J£tt 2:^-^1 ^EflSl cf=. $3.7} E.S. 

y.(230)« ore)- ifl-S ^ Sfl^l:. ofl* -i-^, ^l* ¥-*fl ^°ll^, XI 1 XI 2 ¥-€(232 ^ 234)-°r 5^ = 

S« *H^(230a)°f|^, "gsqigi nfl^) 2)5. ^/£^=- XIXl ^ ^5.7> *ll-tHa =r 51^. ^d^^^-S. £ 

^ ^7V^ o.s t Ai^cq ojjqoi^ Dfl^ 2|5L *Vi4 °1-^21 ##7l7> ^E. 5iCr. 
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£. 1 °fl a>sq- ^- *£*$2) $J ^AH]oJ)Ai, i£I Sf|S(230a)^ Efl^E /i|o( <?]^«:>^ 

ofl sisfl -g-el=M "11*1^. °1b1^- oIHa-i, 3747I -^sfl, <yA> ajj^V Efl^e g?33L, 

a1^7> n BfliH AP^^tL^ Sl^^cf. BfliH SSJ d (230a)# *3] 3.2.3. -g-el§1fe 

^(-ir)-fi- PTFE, ^nm-, -{fa}, A^o]^, cJ.o| <=>>.£.;£, Lexan ? , ^sl^lS., 51^3} $3. t]z}<>] £-°Hl*l 

XI l^S. o]^-£jfe 7lEl- £-$3|- JL^Aj- ±7$ ^ ^H^H Aj-ffl^ O.^. ^o. ^ a) Jr ^-ft-fr 

<W a^^. «f-3 ^^HH]a1, -§-^ 3<?1 «4g ^ 54-2^. #3 ir il-¥- 

^ -tf7RV *}-# ^ «)32.3. £^ ^7^6.5, Ajtfl:*j 0.3. ^ ^ES} Efl^e AlJ: -g- °-?Xl ^/a^ 

71 Xl 3- S3£r £f> 1r?V ^3 «• ^ Sicf. 

#a)si ^ * ^*jXl *R3€- Xl-8-€ -8-XItII ^1 ^ *)--§-€ S.S«.ofl 43 ^ef^ *r Stftf. <-ll» 

£"3 7137V Al^EjoJlA-lfe, Efl^E H 5 .a.( 23 o) A>o]ofl ^tfl 5H1-^^- Xl^SW ^«fl Al^S} Jl-{f3X) ^> 

u>^-a)svcf. -£e1 7\^y\ ^J-tfl^ 0.5. Shfr Ali^oflA-lfe, £^ * 3^ -fr*}^ #^ol sl-g-^cf. o.O 

31 <U*1 m^, 0.063 <Jl*l S]^. 0.016 <U*1 ^ -f|-3Xl ^7V 3= 2 91 TPFE #°1 ^^(151)91 

*\, £"3 7ie]fe ^2] ^^01 °}= 0.016 o)^olcf. Cf^. 4*| a^XMH, -g-E} 7le)ir 10 m, 10" 2 m, 

10- 3 m, lO" 4 m, 10" 5 m, 10" 6 m <9 *r Si 31, ofl* l-c^ ^^-(7)^-Sl S^iflS. <^1^€ ne)jl 
Si *fl 4^&<L3- Efl^S A«S ^Aj-ofl gj=o. ^ ^ AIS: ^S. ^# 7%°- ^)ofl 

^ lO" 9 m 3]-^. ^£ e^Cl-. g-Hl 71511- ^7>Al7l7ll4 ^ «^q(155)# ^A^jig, APS. ^)]^ ^. 

#^1 #7fl*>^ 3}-g-* H- ^Olcf. H>«21- O- 31S)1^ €-3 $J ^ ^4^^ 

£ 2b *r HS.a.(230)<Hl cfl^= Hfl^S]^ =s.«.Sl-Sl A>o]o)) Efl^e aPS 0 | up|s|Ea -&>^ ^7fl(240)§ £AltVcf. $J 
^AHloflAl, g 7 fl(240)i-, &<fr ^£«-(235)S.-?-El ^A>E)^ ^^V7l^-ol #S.S]ir ^« ^-g- 
<%x\3\ ^Al ^^IS. ^^Slfe ^iH^ #^.(^, ^Bl, <a:^)w*)S o| = cH^iq.. S7) ] ( 240)iT^^^ °1#-g- n)^ 



cfs. ^ Al< ^ lo1lAl «0^(23Oa) H3.J±(230)21 ^£-?-(235)7> ^^(151)iflS. ^^V^ 

^£■¥-(235)^ ^^(151)* -fi-^-^fe ^fl— S ^#21 3^ «»1 ^aHH^L f"* €£^(235)^t 

-tlsisi ^# 5a 3. ^cflAj-ofl Jf^^<y ni*i*i ^ ^ SUfel-^S. ^^€4. neit!-*^ 

m ^Wcf. °le1«r ^'y.ft ^^Al-oflTll A><g?:V cfg- S1^ *§^s> 



£ 2c ^ £ 2d ^ zl-zj- -H- n?-& ^1 2 ^aH12) ^ ^^£01^. £ 2c ^ ^-^£^1 £A]^ h>j4 

^^1,^^ iS. h. (250)^ ^Hl 1 ^ -¥-^(251), «.e1-^(252). -¥-4)- #^l-(253), ^(255). ^ ^ (256) . .XI 
2 ^ -?-€-(257), ^S.^ 3*1 #(258), ^ -fr^ll^l ^.^:(259)-i- S^&tl-. 

XI 1 ^(251)^: ol*H]Al ^tgsVfe A]^ ^A]^-(5LA| oj^-) ^ AJJI ^^ofl Tl^^^Cf. <SJ ^AHHAl, ^ 

1 ¥-^"& RG401 «?V-7<B1 Jflol^olcj.. ^A>^ 4# ^EflS] HV-7^ ?flo1M. 7 ]El- 7-2:7} £ €\- 

# ^Aioflo,! a>^ ^ sa^-fe 33-8- °lsfl1* ^^1^1-. 



Til 1 -g^ -¥-€-(251)^- «.E1-^ (252)^^1 -8-*lsq<H -8-^17)1 SI: (259) Si ^-^oflAi 7j ^Sl(254)tflS. 

•a^q. ^(255a ^ 255b)^r Xl 1 ^ ¥-£-(251)2] S>] l-eflofl ^ aj ^) 0.5. «-a)-5]o1 ^ ! ^ ¥-£-(25 
1)^1- 3*1 #(258) Si ifl#lg AH°11 ^i£^-g- XI ^CJ-. cfs ^AlofloflA-l, fe.^r €£ A <1S1 

^ 2L?V cf^ ^27} a)~§-U ^5L 5UC1-. q-€- ^HiX, XI 1 ^ ¥-£-(251)S) Sl^^- 3*1 #(258) (U. ^. 

AHoflAi ^e1)Sl ifl^ofl 3£S. 3#sl<H, 3^ ^(255)<^1 ^As|-a1 ^Tll ^-^s 5a^. 



- 20 - 



^fls.^ ^-2002-0071853 



XI 1 3 XI 2 -g-^r -¥§-(251 3 257)£- 3713 3*33 3#3 ^3 X]3-«Hr ^S-3 ^(256)<33*fl -g-3 

33. ha]^ ^Al^oflAi, ^] 2 -S-^ ¥"S-(257)£- -ft-Xl^ 33:(259)iJHa1 3*1 3(258) >1H X) 1 ^ *■ 

§•(251)3 3#33 3*1 #(258)3 ifl-^33 333 0.5. 3^r3£3- XI 1 ¥* - JMfr(251)°l 3 33(254)^.=L 3" 
333. ^s. A^ofl o^^^o] 3*1 #«\ 7 \ Xl^W. X) 1 ¥-§-(251) 3 X] 2 ¥-§(257) A}oH ^ 
3 =3(256)^ »i33!(252)* 3^r-°5. £fe o}^o,S. °1 fQ o.^ a-o).^^ £^ ^Jo)^ ^ 5^. 3 
3 3(258)»H3 XI 2 ¥-§(257)3 337 r ^ SX^L, 333-2-5- £^ ^7>a| o.^ XI 1 §-§(251):E 

2:33 ^ 33fe 3* 3 *r 3* 333. §3 #^#(253)*. *fl 1 -f-^ §§(251)3 «^ifl»l 33333 £^ 
XI 1 §§(251)3 «.33!.2..£.§3 §3* ^ 3X1 3-33, -B-^Til AlH]-(259)oll §333 ^ 3.3* :0.33-°iiL 
MM 3 ^Hl^l, *i33!(252)* S-3°fl Sl«fl jl, 713S33 33°fl tt 3LH (Newport) Si 

31333 *#3§ 33 s.3§-§-3 ^7fl iiHH*i ssjafltJW i333. 



£2e^r^tM t^-e^ 3-^33 ^Efl-S- ^-33 #3 H.5-.S±3 413 '■ll* JEAl^cJ-. o)^ *j a} o|]oflAl , 
(280)fe 7fl3--3§3 -f-^r 33(281) §§, 3^3-8- JL^* »fl3^(283). 33:3-8- 3#(285), -ft-Xl 7fl3(#®)§ 
(287).sL3 n 7fl3§.5L §3 33 333 -B-Xl #(289)* ^-^j -3AJ cflo]| A| _ = -5L«.(280)fe 33 

111 3 3^3 Aljr s-^-g- ^ &§ 33 lflHflH. §33 *a> Ell^s 33 °H 3*333. 



-ft-Xl 3(289)-£ -ft-Xl 7)1 3 §(287) 3 5 ^»*3 *33 *r 3X] 33. 35: 3* 3#(285)* 3** §§ 

(281)3 ^.e]Sl-fecfl Ajej^j o. s ^ 5Ucf. Aj-^-g. 7l#(285)^ *<H -fi-B], l-e)olnls, 

PTFE JEfe oK+fl-^rrt, ^# oV^lu|-olc (gallium arsenide) Sfe ^:£X) ^-^^A-l A>^-5)fe- 713 #^3 <H 3 

7M ^ 5^3. ^AHHiAi, Aj-j^-g. 7l#(285)°l X|t13^i, -¥--§-(281)3)- ^ 

«-3. Hl) 0 )^ 31^ #(283)-^ -fi-X] 7^1^¥-(287)(^ Aj-^aj-^. 7l#(285)<>l Al-g-^c^ n 7l#(285))# ^(2 

81)3 7flHj- ^¥-3 ^^Al7l JlJ§al O.S ¥-3-Al7lfeCl| Af^Cl.. S.^ -^A) <^)o)|Al t tiflo]^ ^nl^-Ol^, 

u ^3 3& ^AHH^ife cf^ i-^oi a>^.^ ^ o^d-. 



3-* f^ofl. ^#(h)1°1^3^] -S-^ 3«fl A>-g-fi -g-AjcHAj-c-i sife 33«a ^r£. 5U3)3 X13 3 -ft- XI #(289)* *sfl 
-ft-Xl 711 ^-¥(287) MIS. S.<a^3. BlliJE Aj5:7r EiliS (290)S-¥3 ^ -¥^-(281)^1 ?]7>^3. 

33 £3, ^1-3 -ft-€Xl o. <yA> ai^s- ^oicf. ^ ¥-§-(281)3 7fl»8-- ^¥-^ ^sfe # 

S3 ^ls3 33i 3¥-» ^.2:3 Aj5:7l- 3=r3fe ^l^H 3-3- ?t 3. -g-Aj-^ o.s <aA> aj^si ^s. ^ oj 

AJ-S1 ^^-(5.^- ¥-^(lack))S £33^ ^2:^ ^-a> o)^)H3 ^Xl (Sfe -¥^X))« 33s33. 



3*3 -ft-XIXl 34 3=^3 Xl^-33^, 33^fe -S-3 ^#3 33* 33 ^#3 3 33 33. * 

333 3 *r 3* 333. A S#33 3^^^ cfl^l- 3333 33fe, Greene Publishing Associates, Inc. 3 John 
Wiley & Sons, Inc. 3 3:3= "SI 3 3 Current Protocol €3€3 oflH.^. 5.^*1 (F.M. Ausubel) f-3 Current P 
rotocols In Molecular Biology (19973 IriL) (.2.^r>§)) ; ^3S3°> 3a«Hl 4iX)3-fe The Benjamin/Cummin 
gs Publishing CO. 7} 3-*83 3"^ (Watson) f-3 (1987) -ft-333 §3 A S ^"3 (Molecular Biology of the Gene) 
43; Tt*ofl iX^l-fe Second Edition Garland Publishing 3 3*83 33H(Alberts) ^3 (1989) Xli3 A S 
#3; Tf 33 Hfl^^oloD 4-^flsl.^ Merck & Co. 3 The Merck Manual of Diagnosis and Therapy 7> &3. 4!-§-3 

3 3*X1 3 33 333 X1^33«3 Xl^-3fe Xl$ 3iL 33 ^#33 ^33fe3 3-8-3 3iL# ^1^3 

3. ^-33 Xl^33-&^:, <^11- 1-3, SIGMA chemical company(32:3 , XI 3 S il), R&D systems(3 

3ii3 33< i >l-3^), Pharmacia LKB Biotechnology (33 3 3^33*113), CLONTECH Laboratories, Inc.(7£ 
3^33 3:5. 3S), Aldrich Chemical Company(3^i^3 333), GIBCO BRL Life Technologies, Inc.(°11^3 
B. 7113^3^1), Fluka Chemica - Biochemika Analytika(^3^, ¥-*, Fluka Chemie AG), Applied Biosystems 

(7!EiaM3-, iiB) AiEi), 713 33aH13 333 ^ 3€- 3x>l-3 33. 
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A,8#S|-aj ^Sl-gr 3} "4 ^^(venipuncture). SL^ ^(lumbar puncture), Er^oiq. -frxft ^f, SE-h- 

-^I^ah^ **1 o]^.^ ^>s.-?-Ei <9<H^cf. #«<>1 -S-^ai ols # 

*<a°m «4i « 7 m -g-oisMi ^ si^. 

«r3 ^/£t^ l«S»-g: *WKr M]S. 1^ ft*?), ^iHfl^ #ft ^12} ^^^-S.-?-^ <g-g- ^ 

2. Slcf. #^2) ^>-8-*>7l AfliE «fl<tf 7l#£: ^^Tll ^ ^Cf. ^f^-ofl i*l|SRr W 

iley-Liss 7> t^^l Freshney 21 Culture of Animal Cells, a Manual of Basic Technique, 4^ (1994)ft <*fliafl<y: 

*^ ^21 S|-*J-a) a^ 

^^(155) i^ofls] ^^-ol flo] g-^cflAj- ^ 31*7 ^2:2) ^ 7 > o^o^l^. -gAHoflAj, <|jaV^ O.S. 1M <3 
•3(155)3 ^ (.SLA) ^ ^Hf *}^*\ Teflon ? ?r)°l efl^s a.}^ ^.j^ ^-g-SV*! 

^l^^Cr. <8°3 ?ltt3<H ^17> ol^^lfe t}^. ^Al^oflAi, •^•-^tfl^- (anti-analyte)*r -g-*)^ 

* r <>l2l %® ^s.^-§-s] 4)«H -&-*« aI^** *>i4 ^21 tjis Afl^o] o]^^ ^ sa^^-. #*1 

oj*l s&°] *&*\°]*\*\ W-S-^tfl^Sr ^^i}. ziem 3ft4|, »X| (155)21 iEtfft 3^-^ 
* 7>x]^ ^.jS. ^l^^cf. em^fe **H ^aJ-S-S ^21 ^ofl ^€ ^ 5U^. 

(hybridization), aflolii ^ -g:^, RNA/RNA ^"Sl^-g-, tRNA ^"Jl2|-g-, JLifc/7l^ *]^*$, tyQ/tyM) ^ 

B^uJ- ol^J- u)-^^ ^ o. S 2fl^5l^ -¥-^2] ^2}£r i^ofl Jf#?l S>q-Sl #^-21 &7V§^ ^ 

^£ JL, i^ofl <^el7l-^ ^-oltl «-^>«2] 9J (array), SL^ S^ofl 33 ?V2l Cf^S] 

IV. ^1^1 ^ ?1 ^1 ^1^^ 

£ 3a ^=7 ■& m-flofl Al^^(300)2l ^A)^* £Al^c|-. n ^) A]i^(300)^r Ajs ^^(302), 

^^-(304), H 3i^^)l(100)« S^-tb^r. #3 S^^)l(lOO)^ <^1» »<H ?H°1#, ^ BrU £tt 2l£^ 
tliS ^^21 Al^2l 4 1 Sife 71E1- Bfl^l(310)2r ^ *tfl AlJ: ^-^(302) ^ ^1 

-¥-(304)0)1 711-^^4. ^-^(302)-fir #^1 2:^^1(100)» "a^V A1J:(312)# ^««r£^- ^^cf. oj 

Af E)]il Ali^ Efl^E AflS.o| o-;^) =^ofl S]5fl ^3.5] 2, n ^2:^. BfliiH A]2.S) ^o^£ Oj-ijL- ^.xg 
230)« *Sfl "^r^T}. *^>€ S£l«fl ?i#^S]JL ojA]- Aj^2> Hl51S|cH ^.Jl -g-^* 4<>l31fl 

ol«. ^^^121 »3-«B^>fe o}s^V ^^-8: ^-IS s„ ^ o.S.A-1 «y-dq^- ^olc}-. 

^-^ -IMHHA1, AlJ: ^-^-^(302) ^ a]^ <§-*l-?-(304)-^ -g-^7l Efl^e ^lBvlH =L 

>flS2l ofl-i- s-^., ^leliqc}. ^s. oj-s^ rt^r-c: Agilent Technologies a)-2) 8510 a] 8714 7 y ^ 

A) Jl ^ h]-a>^ AlX-i- 7l2:S. Al.3: ^|^-S>^. A^^ £^ ^7lfif ^a. J7^s}- 

A]i^ £ ^. Wj-^o^ 4^ ^AHoflAl A>-g-^ ^ 5UCr. ^l^l^"?! ^1 ^-1^^(300)* ^-11 «>A> Aj^ej 

as 7l^*>5a^ls>. -g- u i^2i cf = ^Hc|^, ^7>3<?1 -tls. ^^€(^/£^ ^1-?-)* ^l-g-*H ^2 Ais 

££^T EliS ^s.^ ttl.i AlH^TfloflAi S 21 3L^ " -S-21-" O.S 3«tr)» ^ Sfttf. 

•g- ^-^21 $3 AjAHloflAi, ^-^ HS«.(230)^ -g-Ar #3 Al^^OOO)^ ^1 ^r-g-Sl 0 ! «fl^J= ^#^2) ^-A> oIhJe 
2] #?fl ¥-^^fl# #A]?ltq-. H « 0 V^^: olA^ SSI (230)^11 tfl«- uflol^^ol -§-^(^-71, His), «-^cfl 

Sife 7lEb Dfl^l- ol-g-s}.^)^ #Jgs>al ^| ^^(155)^5. -g-A} »|«E7} £<asl55(^- «fl «fl°liBr9j -g- 

^2] ^^SV^ ^Til-i- s o >^-8r £ 3b °1) SLCr S.Al£]ol o^cj., 

'S^. (320) ofl Ai, HS.«.(230)^ n]el ^sflA] ^3H-oflA| £^ n e»J-3l ^Sr^rollA-l ^ -g-^ S ,, - 
ClA>o]^Cl-. J|.3 ^AHH^l, ^AVoflTfl ^-Al^ «V2r ^©1 ol§V2l Tfl^* ol*«r^ ^fl 1 -?-§-(332)2l ^c»l7> 

2l£S>^- ^^oflAiSl S}-^-^ ^tiVo] 5|£S. ^-0.5. M| Ojelta- ^^7> ^^4. ^ 
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\/2 = c[2 xf des xp. r "2 ] ? 

\ 12 = 3 1 ^-§-(332)3 33 (meter ^.fl) 
c = 33 #5. 3 x l0 8 m/s 
f des = 3 JE^Kr (desired) ^3 ^3t3Hz) 
p r = 33 #3(336)3 3"3 -fj-33 ^ 

3^3 ^3 ^3-^7} 1 GHz °lJDL 33 #3(Teflon ? )(336)dml -^tfl -fr3*fl 3 2.1 3. 7fl33 ^AHofl^, 

^ 1 ^ -¥-£"(332)3 33fe 4 ol*| 7 > ^KB^t}. JL^Bf SlS. ^711 &°\S) 333fe 4t33 333 3 

:g333 ^ ^jjj. 0.^0. ^ g A 7>^^ ^ 333^7 3* 3 3-§- 3# ^3 333, 3^- **\* $\ 3. 

333(33-3:5. 1/4-33 et^l f-3 3-8r)-a- 3-8-33 *3 33: -§-3* 3* ^s. 33. 

3-§- 33(321)33. *fl£ (230a) ^ 33 33(155)3 33 »H333 ^ 33ofl 3333 3#3€ ^ 3 

3 33. ^33 <>-3-, 333: 3-S-Sr *||5L(230a)« 33 33(155)ofl 7>^*1*}- 7r37ll 333?l^r 3-§- 3L3" 

S}3. 3<=c3- 33 ^ 0 1, ii« «I|i=(230a)3 ^3 33(155)-°r g^Rr #3£r PTFE, 3-f-33, -fj-3, 33. 
33, 33o}-&<=, Lexan 7 , #333^-. S4= .H^3 3)5. 333 £-o>o|]7,i -O-;^ -§-z}S 3-§-3£r 33 ^-33 ^ 
jisflAj- 1-31; 3^ ^3 3* ^3^ofl3 Aj-tfl^ SL3- ^-Br 3S-3 3il 3*-g-i- cfs 3.33. i^rl-. 

-^3 ^3ofloll3. 1r?V #3* 33, PTFF 3^ a. 333, 33, °l<$3HMi, 3-f- ^Hl^-^lS., 7]3 3^3 #3-1:3 
3* 33 33 #33 ^ 33. 333 o.S £tt ^7>3 SL3., 333 o.s. £-8r 3£3 Efl^H a]^ ^^.g- 7Wfe ojj 
*H 33 3 #351 Al~g-^ ^ 33. 

333. 33(322)33, -fi-sfl 3^ 3=^(150)* -£3333 o}^ D i)^l* ^-x] oj3(l55)J5-sL ^3-3"3. =L 3 
#21 ^7^1(323)^^, ^liE ^!Jl7>^-x] <^^(155)<^1 ^#^S]J1, ^^<y aflo^^o) ^.^o] ^^^4. o$ 7 )x\ ^ 
^€ ^Al^oflAi, u)|ol^ol 0.^0. ^cfl^-o] v]s\ 7 } <g«(155)-g- ^-IWr ^-f2l ^.Jl 

A1J:(3 12 314 )2] ^s. hi c^Aj- t-floleis. HlJE^-o.^ ^<H^]fe S ,, -8-^01^. -S- cf^- ^AHHl 

-H. WlH 7}^ AlJ: =^5. t|iS ol^ol s. 

<H, ^ £^ ^ ^1-2] Al J: 7 > nfl £^ ^1 ^"£7> fe-fr nfl, ^.^ %^-)o}7)^ r 

cf-e- ^■^(324)<^]^i, £ 3c 21 i!)H(334)AS. ^AlSjol £ a]^[ Bflcl^el-oi a7l7> nfl^W fl.^ 

^>7> ^^^(Al^wj-^ «>Al741« 0 >^o.S., £^ £ 2d oil E^l^ «>S1- ^ Si^^m ?i^l). »ll 

oliEl-o] s u -l-^-ol ^1^<H1 £^-*>fe ^SM- XI ^ (point)* f res 3. ^®t±. o] o. ^712) ^o. ^ 
ol ^1 A]i^(300)AS til-Aj-sl-^ ^-9-21 ^^1- M-El-'flcl-. 3§~#q°.3., 5S« *HS(230a)2l 7fl« 0 V- ^-^ 

ofl 21^1^ Afl^ ^ 0.3^ slsfl> ^ ^^(f res )^ "151 ^«fl^l ^^r(fdes )^.^ SH^Tti ^^r. 

^^(fdes ) ^l^^r. «-7+ ^1H!H7> ^$2] ^Sfl M-Ef^ O.S 71^=1^ ^^SL 

Z¥r SVM-21 ^Sl-^S. ^^«V7l 21«fl oflAlalo) ^AHHlAi 1 GHz 7> £| 53*1 ^- ^ofl 

^, S* £-7.1- olaflsb^ ^.^^) m.^ o. 1Q MHz 20 MHz 45 MHz 10Q MHz 250 MHz 5Q0 MHz j GHz 2 5 q 

Hz. 5 GHz. 7.5 GHz. 10 GHz. 12 GHz, 15 GHz, 20 GHz, 25 GHz, 30 GHz, 40 GHz, 50 GHz, 60 GHz, 80 GHz, 

100 GHz, 110 GHz ^ =1 ^M-'r-I- ^°l2l ^3}-^°)^ ^l7> 7\^t}t^. ^7,}^ & ^-tgo^ c} § ^Al^ofl^ ^ 

^ ^ AV-g-^- ^ o)s))-t ^014. 

^-^ ^^(f res ) 33 ewj-oflA^ ^ s„ -g-^ ^3 333 ?4°lcf. ^ 33 

33 £13- 3333 -°-3-§- 33 3*11, ^-3 33(f res )^s^-3 -W-3(^-3 i3» 3333^3) 

5U3. 33tb 33(3 ^-3 ^(333) 33)^ ^-33 S „ -§-3* 333^ 3^- ^33(o)l« *3. 3^3 IC 
3) oil 3 ^£ 33. 
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4* #31(325)°^, 'St* <*r& * ^-M-* °l-8-«H ^^(155) AS SL^c).. #7)1(326) 

4H, efl^H ^^(155) ofl 5^#^S]J1 tliI^tifo| «y<H^lcf. 

O^H ^lAl^o] ^A)^0flAi, m)Oliel-«?1 -g-^vg. o.^ « ^tflAj-O) &i=, ^3)21 ^fl^ofl O^o^ S , 

i*^ 0 )^-. 's^Hr ^Hl(27j) -iS S 21 ^4 #*)ol «i]o)^e]-o1 -g-^iLS Aj-g-Sj ^ S^c}^ 3* oltfl^- ^ 

Olcf. o|)S. E-o) »X|^a ^tfl^ S^MM-, *#°1 Hl^l ^/a^ **)1 ^fl^Ol &i=, Aj-EfloflAl O) 

-f-^m ^ #* &°]& s?i* oi-g-svoj Hfloi^-y *^-§- ^s. ^ &* nflojiei-oi «.^-oi 7 >^*V 
5»* ^l*fl«- 5d* ?i*t>- fjAE Afl-ao. *^ ^ofl ^^^-Efls ^-x]s]^uf SL^- ^-^ 0303 

(155)* *SB <>l^g ^Si^. 

£3c^ ^1 ^^(155)^^1^ o1^e 7 |. ^sj-fe ^^-s) EliS a§s. ^ (335) ^. ^a^c)-. £a]^ ufo^ £ 
ol, Efl^e Afls ^(335)^ ^ o}=o_ ^( nul i)^- x^^t\. ^)7]^AS, <H|iH Ajs-vflo] ^-AlcflAj-o) ^.^^) a^o 
^ US. 71 Jl, Bflol^eK] -g-^(334)<^l H]«fl ^iS -g-«a-(335)S] &2L± ^aI^c)-. aJa) 

«fl«1M. Efl^e AflS. 0.^.(335) ^j^. a jj^ S u o.^, lH?*Rr ^r^Hr^r f res ^S. S* °}!%3. °]%-S\JL, 

3$ -^Al^oflA^ ^Oli^ol o.^o) AlS. 3.^.7). ?H c)-. aj E 7 > ^ ^^ofM <g°]^ 

3*°ll, *#* ^1#(^, HV-g-ol ojo^l nj-ef)^ 2.i-lEi^« ^ #<SaRt £Al<g tfl^e Afl-g. ^.^(33 

5)* 71-*^ *<a-2] sm-^ oil on l-^>^. «-«8*HH 71 Ej- =^ 5U^fe 3* 0 l«fl*t ofl# -g- 

t H. ^^HH^i, tfl^H ^#£r nisi ^-^ a-cf c-1 3* ^.(null)* ^ ^ 91^. o] ofls. s-o^ ^7] h)| 

^l^ef?! ^-^(334) ©I 2)4: ^l^o.S-^Ei ^i^o.S. ^5)°i^- "flolcf. 

ol'H^lfe ^•^](327)<i^ i ttllol^el-o) hi Bfl^H -§-^-(334 ^ 335) <>1 ^e) ^«fl^l oj: o)^o_^. Aj-ol^)^ cfl?}- 
°l-f-<H^l^. ^^fe, ufloliiiKl w Efl^E ajs 0.^(334 « 335)21 ^s., ^J/H^ cflol 

El# «]s«>i, rz *}oi 7} p1 el ^sfl^i niel s4^i «11 sl-71- l}-^*}S5(cffe ^ q-Eflll 

°)^^ 3Xt\. 1 GHz 21 f res °)W2l ^]a1^oj 0^0. ^s- o1 Q l dB 0 5 dB 2 dB, 3 dB, 5 dB, 10 dB (^¥7 
=L ^ *\°)); 1 £. 10 25 45 90 180 £(SE^ n^- Al-o]); ^^7} I KHz, 3 KHz, 5 KHz. 

10 KHz, 1 MHz, 10 MHz, 100 MHz(J£rt ol a>o]) ; £i=. olei^l- o^S] # 0^0) ^^-21 ^21ifl<HlA| ^s^tK ?i 

^4^r«^- ^-cf £^ iLc| ^ fres ^sHM] 14^ ^ ofl# #<H, 10 MHz2l f res ofl cfl^- d) 

51 =S.^L^«/nlel ^Sfl^l ^54-^ 10 Hz m^l 1 MHz7f € ^^lcf. 

"Jt^, #31 (327) °fl A} uHoli^o] ^ Efl^H -g-^ 521 ^>ol7l- Die) ^Sfl^l ^1 A)i^ 

(300)^- f stan ifl^l f stop 21 ^2K- «a21xflollAl ^-A> ol^H7> ^151^1 &5*tHr ^^^(#7)1 328). ol^^- 
^-§-AHl7fl ^H1^J# ^-g-^ ^J, ^(334)^ -g-^-(335) #21 ^1^., ^s)-^ ^/a 

^ ^ SAls>fe 73, c-flolE^ #3 ^#-1- ^*>fe ^4 ^-8: °^el 7>x) aj-ifj o.S. a> 

•8-^HItH ^ ojcl-. f start xfl^l fstop ^ oj^^ ol^flE t£i- SV-^-^^21 ^l# 7lcfl^- ^ 9i 

#7fl(327)<>llAl uflol^el-ol a>-g-2l- Efl>iE Afl.s bV^. a >o12| S>ol7> nlel ^sB# i3q-«-t|-^. ^1 

(300)* ol^E 7 l- ^ ^^(igs)^^^-! &x\s\$X^ ^^(^} 329). cle^t I^lfe 

^-A>tl «o U -)M A>-g-AHl7)) H>#^?i- ^^HH1^1, ElliS ^1- ti>*(325)^T ^2} %q ^ Cf^. Ell^E 

4# -g-^21 Blal- 2)811 Al^cl- 02-31 330). 

^cflAj-oi fl-^ofl ^Ji^ cr^&l 7lx| HJ-^ ^ 9^14. -?>^, °J<3(155H ^-S- 5 )^ * 



^-^1 (155)^^1 Ai ul-so)^ ^^-ol <Qo]x^7]^^ ^-aV^^-o) 9J<Hi4a1 ^ cf^. ^Al oflc^, ^1^ ^ 

ff"^* 4- #31 ^^^-5. ol^C^ ^lcl-. oiA-1, ^-Al^ ^CflAj-ol HlBjofl ^ 7>Sl Jl -pr*ll ^^2) f-A] oj o.^ 
^€^1-. ^*o)l, ^ «o V, a€r* C,1**M, ^Al^ Efl^E AflSo} Al-£ 0.^.(335)0! <>) o| T,-) 

^cf. ^cHAj-o] ^l>tAl- (identifier) (^cfl^2l 3.^ aflo| i £ ^ «[-^-^ cfs. a!^a»7V <Q*^ o £ 

EliS ^-t *# (33 5)31- ^#21^1 c)lolE-lHllolio)l A-1aJ- 5 )p1 i ^ OolE^Hflol^S.^-El ^^5lJl cf€- EjiS 4« -g-# 
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3f «lSI«#. #-i- EfliH >g* -S-^^l *1#€ -§-#(335)*}- lW}7l) <a#£]fe Efli E ^iflsj ^ ol^J 



#^ tH^sj 3M*13 ♦ ^*Hr #7)1(331)71- °H##. o]z\# i£7i}±t °\m *<H <*4HM ^ Afg-S}- 

# -S"^ ^l^^oflAi ^Tl-g-^ <r Sfl* 3!°1#. *}# °l#2l ^J. ^nfoi, ^ ^ufl- o}^}^ 

efl^H #*1 <3<3(155)^S 5L<a*Rr #7]1(324).5L #<>>#i*. #^= t|* yjL ^ 

#7)1 (332) °1H 

*}AH1<1| <a^-?do1lAi, #aJ Al^^(300)^r N 7fl2l ^ =S.a.(230.) ^1* §<H, 96711 « b}o)31 

°}*\ #5fl<>lHifl^ *}^o] ^ofl 96711S1 £S.lf ^ z]- s^ai, zj-z)-^ N 7) )o| <g^ ( 

155,)°! ofl» -i-o^ v}o)=ig. El-olel ^OHs^ # 1S2) aV#Jfo)| t ^ol^. 0)5^ ^AlofloflAi, B>#a|*} 

Tfl #*1 A]^ °- Ell — — N 71)21 #*1 Cg^( 155l ) ^ ^q.^. 1 XNi^l clSSjiSf, N 7B21 7>^ 

# #*1 ^ *>i4S.-^-El2l ^.2:^. ^1^1- ^1-SjtS. ^tSHr NMi^l njEgjAS i^t}. t}^. AjA^] 
«l<*1. ##2} =S.u.(230,) « #*1 ^^(155,)^ AiS. ^ 7>^1£S. nlA>oj« ^ Xio.^ o] SL 

= #*1 ^^(155,)^: <3#3<?1 ^2}-^ ^^H^o)] zj^ ^ o^. ^ Ali^OOO)^ # < S*Wl7fl 

*>^«- 3°1#. 

£ 3d ¥r t^ofl n*2* ^#tfloHAi #^i=, g.*]. ^ olsflsf ^-AISV^ "S^* *}5L o] ej * 

£ 3b 21- -S-AV^- b 0 >a|o £ Al^^cf: a, 

D )e] ^*1)# ^sK-oflA| zl e#2] ^jq-^oflAi ^-tg -g-^ 7>a1£s. i S uf n)A><y«l-ji, «iu sfl^-& ^fl^al 
^1 <3^<^| Bfl^Al^lJi, ^tflAj-o] ^ ^sl# <$*\o_3. ^*>^. His) ^ ^^( poln t)AS. 2L¥r =L 
e^S. SStif ^fMOEi-Tfl 340-343). 



^-i- ^-7^1(344)011^, ^ll i ^cflAj-^- i^-s>fe Xl) i Eflije ^ff ^ ^-^-tbcf. H^t^l^i-H, 

-g-^Efl^-°r <^1» »<H 6 mg/ml ^ IX ^£5. •g-^(353, £ 3e <H)>H a a] ^ ) o) <g <^ ^ ja A^^c)-(cj-^l 34 

5). nf-g- #711 (346) ofl a-1, aV^3)S>7l)^ ^1 l «^t|^ ^5L7> *°J^(^^^ ^AlofloflAi 6 mg/ml) ^1) 2 

^1 2 BfliH A«S C ) ^-Al OJ^ 3"g-£C)-. H>^Sl-7ll, #A) OJ^ ^ l ^^CQ ^]7]^}7] 

s$*k *m&t±. ole)^. ^^*v #3 # aj.g. o)^.§H ^.15* ^°lcl-. °1<H^, ^1 2 ElliH ^#«^ cj)?V 

-§-#(355. £ 3e »1| £7>)^)ol oj^a)ji Al^tq-(^7)1 347). 



^ #^1(348)^1^, ^11 1 ^ ^1 2 -g-^tfl^ ^11 3 ^l-^flS. ^^#. M^a)*)-7ll, ^1 1 ^ ^1 2 ^tfl^ 0.5X ^ 
£(-a^« o)H^ 3 mg/ml)S. ^#51<H. ^ 1 ^ *D 2 ^1-<H1 cflSfl ^tflA^-2] ^i^l^9j *3E* -^ < a*>7ll 

-fh^mcl-. ^ofl, ^1 3 ^#<>1 #^1 ^^o.^. *^SlJ7, ^-^-o) oj^^j, a-)^^^^) 349). Aie»3 O.S., AlJ: °- 

#21 ^5}-# ^AlzVO.S iME^*}7l 21S1), 2 7fl2l -g-AjqlAM- #^1 °J °^ °H ^^^C^ £<yS}jl i ^ 

S Sicl-(^» #<H. #741^1 --2-^ Al^t^-i- ol^-^cf). 



*0 1 « *l 2 •g-qtfltf ^V<H1 °JolM-fe ^^^21 #a]^ olB] Bflol^el-ol -g.^-_ ^) ! Efl^e Afls -§-^-(353), ^ 
2 Efl^H -8-#(355), ^ ^ 3 Efl^e Afls. -§.^-(357 £ h 359)^ Hlsofl ^Sfl ^^^cf. 



-£ 3e ^ uilol^Efo] alsj -§-^(35!), ^) 1 e)1^e aas 0.^.(353) ^ 2 tfl^e ^(355)0) ^a]^, ^ ^fl 3 
^# -^^(Hll^ ^-Efl^ tfl-l-sV^ 357 Z¥: 7fl 1 ^ all 2 *^tfl-* ^ cfl-g-*>^ 359)2) ^-7fl2l 

7>^-?}- ^H)«- £7-lt!-cf. fll^(353, 355, 357)^. S-?-E) 2> =^ 5)^. U ].fi|. zj-o), ^flS) ^-^cflAj-ol ^) 3 EfliH a«§ 
^fl°ll^ ^#=1^1 ^ ^1 3 tfl^H -§-#(357)£- ^1 1 ^ ^11 2 Efl^B ^# -§-#(353 ^ 355) #21 
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<?! ^5 &-§- M-Ej-^q. aj| i ^ Xf{ 2 £-*jtflAj.o] »| 3 Efl^e Afla^oflAi ^SRr ^^r-, -8-#(359)£- ^ Jg-g- 



BfliE A)±T$ ^<H^1 afl 1 *j| 2 Efl^E Afl-g -g-ij-^ 33. 7il^>*>Jl, Tfl^M -g-^ E]|iE aBS. 

-s-# ^ *r«i« ^ aHsl^ei aw <a*H5*fe^isi ^^(7n-a-€ -s^i ^is. -a 3 

*>?fl <?!^€^r-§r ^<>1 nla) ^ 5U4. #3 41*1 ^«H^1 

313- ^ T^Hr €£.-?- (window) 7> ^7fl^ -g^S] 7)1^ SW cflsfl Tfl^cf. ulel ^«fl^l QM./^^. Q^9) 
u-ajj^- ^ -g-^ q-el-ifl^, n -as^- ifl^H iH§*Kr ^ '^-i- "SM^-cK 1 GHz 

^1^-/^4^ 3l^r°l 0.1 dB, 0.3 dB, 0.5 dB, 1 dB, 3 dB, 5 dB, 10 dB (£t- =l Afo]) ^o) a, 

^4^71- 0.1 KHz, 0.5 KHz.l KHz, 3 KHz, 5 KHz, 10 KHz, 30 KHz, 50 KHz, 100 KHz, 1 MHz, 3 MHz, 10 M 
Hz, 100 MHz(£^ n a>o|) ^o]c)-. ^sHM-£- Jicf ^ iL4 ^ f res ^s^oj] nj-e)- ^#^3 

*r Sa4. <41« 1-^, lOMHz^ f res ofl cfl^ °lel HS.n^^/n]el ^31 ^^fe 10 Hz vflx) l MHz7> € SWck 

5. 3d ofl ^ s} t}.g. aja1^<h]a^ #711(345)^7 *H 1 E||iS ^#21 ^*|)«H|jq 5.3.*i7 r -g-^S 

^35=^ ^a]-(233)# ^fls^sl-^ 3j-§- °H^, olel*}- -g-^ ^^"Sli ^1 2 31 ^JL ( 

347) ^/Si- Bfl^je Afl-g. ^*l(349).sL^-E) ^*j.°sL 

S. 3f ^ ^7l)Sl ^cflAj-^. i*J-sV^ £-7} ^ olBflEf ^IsVfe Tfl 2 lH3-§r SlA^cf. o]^^ wj-^ ^ 

^:7)l(367)<HlAi *|| 1 « *| 2 ^cfl^l *j| 3 <B«tfl6|H lx *51(^, zj-zj- 6 mg/ml)^S 3# ^l<q^JL 

¥r 51 3d 31 tg-^ -B-A>5>cf. 

^HH1*1, ^ ^^3] ^^-0.3.^ ^ 5Jcf. ^)] 3 ABSvfloJlAi ^ 1 

^ 7^1 2 -g-^Cfl^" TJl-ol tA^xl ^ TJ^L, ^ 3 AB.S.O} Al^. O-^-O. Aj^a| f res ^1 i «J ^ 2 -g- 

#31 ^4t ^1^^ ^Sl- ^ ^-^ q-EV'i ^o]^. Tfl l , Tfl 2 ?J 711 3 ^« -8-^-3) «^17> £ 3g 

«1 ^°1 4. wf^. »| i * Tfl 2 -S#3) -g->a-as.-¥-El Tfl^ 5loicf. B} 



= ^-^ Al^ o.^. ^^.s H.qEi^o.5.*), ^ £ £ Hf o|-g-§>o1 «.A^OAj-^. ej-xl fl-tg^ 7^^- o]Aj.o1) 

^ ^^*>aJ^-. jX^^- SIS. « a]^eJ21 'g-^^l-^ Hi -M^Hl7> £. 2e «Hl ST-ls!^ ^^-)» ©l-g-S}. 

^ €-^Cfl^-& #^lsfJl ^ S)C}^ °J: 740]^. =L *\}o)+Z}o] efl^E ABS 0.^-0! ^^0.5. 

MHz GHz £1 >SSH1 #]«ll?lcffe Tflsq^Jl^, £ 3b ^ 3d ofl ^7fl«i+ ofljf 

+A>«J.cf. g-g- Cfl^ -g-^^ ^3)-^ «*)i?Hl ^ ^1-Sl S.^* ^-Aq^-O.S.^ jg-^ Al 

S -g-^-fr igsl-A|?Jcf^ o)Al-a. ^1^-^. ^-^^ -g-^-Sl s igSHr 3liS -S-Sifl^^ ^-7)- o1^e 7 1- 

q-te H-El-m^Ol A>^ ^ ^tq-. Alx 0.^.0] ^ Ol^Efi]. Tj-o, -g-^-o. olo^i- ABS-S) 



S. 4a tt a]7J- ^ « (domain) ^1^^(400)-^- i^Rr +]^2] 4€- ^ ^1 <^1 w £7.1^14. ^ Al^Eg( 

400)-^- «i ^ 5-^-^(410) ^ #^^.(4i2)# ifl-*W. -=1 ^1-^^ ^ 5H1 el-o] 7lEl- Dfl 

*H(420)S> ^ -MS ^JL-t ^1 S^^IH ?1€^^4. ^-7H«1 ^.i ^ t^l^-» AV-g-SV^ 2- 

II ^ 7fl^ ^-^ ^HHAi, Al^. ^^(410) « ^-7-1^.(412)^ J^el^ ulul^-oll ^ 

7flS>fe Tektronix Corporation °] Tfl^tb 2- "ft #3. 1 1801 ^-S: ^l?i aVA^l Al^Eflvflcfl ^ o}tf A ] 

?V £Ef 7}7^ u)lSfl2 ^7l2f ^ cf# Jl^jq- ^ a]^^^- 5i4. 
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9^ 4l3:(422)7r ty^JL ^(420)* ^ 21jSll(100)» *J=«fl 

Cf. U ^AH]o)]Ai £A.i=. A}Zf4S U^S. Cf-i- ^A]^0flA^ 3) _^ ^ A}-g. ^£ 0^. -g-Oljtfl 

21 -S-aX-S-)^ -a-^Sfl sa^ <g Ar fiSl <g^-e Aljr ^l^-(412)# ^«fl ^VAl^cf. n i£A r -g 4l3:(424)fe £-A r 
^.^^] = A_J<q ^o) so] ^a}- tf/a^ A)<£-g- 14^^ ^ojcf. n^Ai, aVA r Al J:(424)2l 

-S- 0 -^^^ fr^lfed) Af-g-^ ^ ^Cf. A)^- ^ Al^^ (400)^- i^S} £i=- 



■^^H «f2f -go], ^-a}^ -fr^Afl ^(relaxation) ^^Hrfe £aH) ^^l^-o] 7 r S||3l-§- ufl 

H ^ ^5|-#o]4. v-xim O-^j S-^j^. o^M^., ^ ^BHH? Zl- £-AH] -SHf^. ^ RJ 7]^ 



^Efl^l ^4 fl« ^(450)2} *y. -^Hl* SAUM-. H ^1^^(450)^- £ 2a <»1| £A]^ A] 71 <£<3 ^ 
Ali^(450)a|- -B-A>s>j7 t ig-*l 2:^^1(100)^1 ?1#^€ ^l-¥-(462) ^ 413: ^^(460)* S^c}.. ^- 7 >^ 
<?! ^.i ^€ ^ #^1^-* °l-g-«rH 2-II ^ afl^ti- Sjcl-. ^AHloflAi, A]i^( 4 

50)£r, ^ #3* _^.*r ^ $4fe ^.i e^oj (train)* ^ 413:7}- i^-*>^ ul-Sr a)^V ti}-A>^s. 

^^Cf. ^<aA>fe *AV^ ^A, Ej||oj| ^A^^- + ^ ^ Aj-g-^l-ir 41 i# ^A}^- ^ 5)^ 711} ^* 

■S- ^T^Sl Cf = AlAHHl Al-g-^- ^ o^cf^ ^J^- ol*|l^ ^JOlcf. 



^A> Al^(480)ir ^r5l€ 3}^: ^.#(482 ^ 484) S. 0)^01^31, ^ z]-^^ sj^, af^- # o]A}-o) <y A j. ^ ^J-o] 
^.i 71-A14. nl-(482 ^ 484)^r ^^?1* <!)-£)- ^e}-?lsl <a-^-# ^«fl s ^-a} ^^ (155 )^- ^ 

Sfl ^-Al^c}-. d].^ ^ a. zzfl-(482)ol ^ cfl^ o.^^] ^ Al^(period) ^^Sl ^^)4 *lzlZ\o_g_ 

Vl ^^^l^-i- 7>A)cf^, -g-A} cflAj-O. o|olxl^. ^^oflAi 71]^^ 0_S. ^Ha1# o) cf . A)^ ^ 

^ ^1-^(462)^^ «VAl-^ -g-^-(490)^.SAl ^-^li ^ o^cl-. cf- tfl<?>*|<?! ^ <&°-g.*\, ^o}^ Al^ c»1|u|a17> 
#Al (462) «I1 Ai ^ ^ ^ ^cf. 



•SSJ-n €i ^ ^ 413: ^ «3r** SAl^ ^ ojo.^, nl ^,^ ^ cflAj. u! /£ ^ ^.Aj 

^ °1^!H« -iWlOil fl-^sfeOl ^1-g-^- ^ Sirf. olei*!- a^ea a]^ <g/SE*t efl^e A ) 

^ E t52l ^ 1^ ^ ^^IS Af^-^ ^ ^cf. 



^.**1 Al^^s. s.^^Al, <#<yA}^ Microwave Monolithic Integrated Circuit (MMIC) -f-S) 7l#-|- ol^-sl-a} ^-7} 
^l^^lr-i- ^ sfllS i?)!^* #°J ^ &-§- ^«]cf. ZLeitl dt^sl- Al^^fl ^^l, ^n>oj js.ig--.-g- jg. Al o)] 

^•aI^ji #^jiJ- ^ Sife ^*^<a Al^^ 0.3. -§-ols>7fl ^ ?)cf. ole}tl Al^^#^, s.^ia)o] 0351)01^ ^ zi 

°11 Ctl€- ^/£^=r «>A> T^l^l- ^^^-CLS^, 2]S.S1 rfl^ -f-aj- ^^Al7]jl ^r/4.« 71)0)^ 



V. <"11A)3<J1 



^1^ S-S- ^2] ^-^^Sl ^-^-^ ^^*>i ^Jg-tt ^ SlCf. 0lA]O] ia-Bi|^* HJ-A] ^^^1 £ OJ t V ^ Al^EjOj O.^^] 

^* #^ll ^ 413. Si ^-8-*M >3«2] fl-^^- ^4 y A cf-Jj^S] Al^-(f ln gerpri 
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nt) &#°) *\$S\7] nfl-g-^. nl^Sl tto] Jj^-g ^ StiU. tl^ Hha* ^|-8-*V^ 01*13 



-8*1441*1. Ji ^1 i3?o.sL A>^-^ ^ flc*. =l cf^Sl <H t^j^ ^(addressable) 

7>^H, ^ s-U^-i- ^€ ^ 5tZ^. Efl^S £^ #*l°fl Jf-ofl, Z}- *13( S ite)°f] 

-5- ^SKU S}-(charaterization) , °1 3 t!: ^ 31 2} ^1* ol-g-sfo'l, *J-e]^-= ^.a^ s-S. 

ta|AV aHl^r f^l <3<«1 3t±r =L <H^-<H1 ^Alflo^, E )|iE Afl-a^cq qxj. afl ^^ ^ 
^tf t 5^. HiS fll-ofl «fl, iL*)l (ffifg) afll* 3^ *l^ofl ^€ A *)%<$*\e\ -g-^ 

uflloi Stf£|5afe*l# M-eI-M ^o)cf. neit!- ^-8: 3tf «fl1^ *J-el?iH. Hfl^sf ^^s] ^slXi^l SE^t *> 

°i-g-« ^ sm. 



=l *4i tfl^ 7W Aj-o]^. ^ £ ^ ^£41 rfltt -i-ini ^ sa-a- 

*i^r £?l ^*W>n ia(dose) --l-^- ^-Al o. S oj-ej*} ojc].. D |^^ B]l ae ms-o, ^ 0.^-0)] i^sj 

4 s Sl^r. II -g-'ihSr HlHEl^ nl^Sl tfl^e aJ^o} ^ cfl^ ^ o^c,. -fi-A^TJI, Aj-o] 

e]^}s.s] ^ ^-Aj^. ajiii^ <He]7fl^ Aj-o)^ E]?is # <>1- ^Jo] ^ cf=. cfl?l 



€ ^ Slnf. ofl# »<H, ^li^ofl^, ^- ^fofl Sl«fl, °^ ^ Si^ Efl^H a»^o)1 M#£)7l ^i<K| 1 

*> •g-'S-i: #^«-0_5LA*|, ^AE APS-vflcq #A^ Oj:^. ^ ^Cf. U] ^ 

Ail^l 7l#^ r£ ^il- 71 ^S., ^■yxVfe -g- 0| §1-711 71)^= «. 7 >« «}• ^ 3} o] tf. 

^^V ?2 ^1 



•& iQr*8<% 2l«fl t^l Al^ejo} ^1 <^^ (155)LflS ] ^V.^^ °Mm£) #711 ^ ^-7> #7fl# ^] ^- ^ Siq. 

^ fl-fflS^ l^K 2*>, ^ -L Jicf ji^^ai ^fl- o]«fflH# i^^-t)-. <4|# -?-7flsl Efl^S aJS-o) 
^«fl el?lH./^el?>s. ^1^- ^ ^4. 6)|» s.^ t ^Aj. -g-*} a«-*>fe -g-^o] 

Efl^S A]^7V ^.^ ^Sr€Cr. AiEP^j o. S ._ ol^eol ^21-SAi ehAjs].^ Al^ AJA] 

?V^-S. ^ Si^s. ^ i)-^ ^ofl BE^ al^cH] Efl^S AlJi7> 7>«fl?lcf. Efl^E aJ^ 7 } ^^5)^3 aI^o) 



<H. Hil ^- A > (dispersive) ^-8: 37fl ^^-^ ^ Slcf. oleltt A li -g-^-fr, ^-7. r 

>fflH7V EJ-^I ^^moflA-] ^SV^^. nfl ^^ofl ^lS. */ S i=. ^Aj- s uj-El-ifljl, no)) ofef "-^ 

ol^e £ i=. Efl^e Afl^o] ^ 3£o} A]7i ol^E-i- EJ-Xlsl-^ Tfl^-flcl-. 
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^-r-°fl, «H]^H ^Is -g-#£-, ^-^ ^.i Al^-ol)^ zLofl e^*H. *=r€ oflM^l^ £3- SL¥r 
o)x4 ^ls-j!}. Efl^s Alj;°l <y^ cf^- ^nl^^ ^o]cf. oflui^l SE^ sj-ej-nl El 2} # 

O-S-M), ^ of^e - <g-*|^ ^ s-^l^o) oj^o^ ^ ^3. ^^J- ^ Jf-aH^ # 

=r"i- (susceptibility), ^^Hr, * -fi-^J **> ^7-11 £^ ^ o^e °) *] S7l . 3 ^ £jtq. 

HL?V §7} ^SS) «S$-(pH <>1£: ^171^ *S$-2l- ^)7> ^3$-O.S^. S^ofl 

fr-S-VV l^lf Sicf. 



— ^ 27> ^^-§r %M«>^cll o)-g-^ ^£ n •a-ia* a] 3- ^S* nl-e)- lH$SHr 17> £^ 2*1- Stf °l>fflB2l ^ 
*W tl^sl^ &Tr*+. *};ga) 0.5., n^a* -g-^vflofl «H)*Hf 37> ^, n o^si ^ 

°l>iH£. <>1 £■)*]• sj-^oi ^1^. ^ o^. 



^.S *[± ^^-s) ji m]oi^oi ^-^-o.s.Ai ci-g-oii, ^1 2 -8-ew-l- ^*1 # 

H J-4*H 2 -g-^ °1<H^, ^1 2 Al jr o.^- ^ uflol^eftl -S-^-g- H)Htbcl-. <$1}2\ £i= 

-¥-^*fe =71121 Ali -g-^-s-ol u)l^ e^Sl£tKr 21 nl 5(- J), ol 5) Afl^.^ -g-^vfla] ^>Sl «. 7 >ofl 2jSfl Efl^e 

-S*21 ^ -f^sll ^^-Sl^l M-El-Hflcl-. ^1 2^> 1^-<^1 <#tt JiSLS- ^ ^ 

ol4. ajia ^Jlf ^^-71- ^^1* 3M\+Cl.T3, E)1^E MS.o\ =f-S. -S-^Sfl ^ o] ^^^) ^o)jl, ZLofl ^ 

2*> OlSflES. ^El-vflCj-. 2*} Ol^flE- v+Ej-Xfl^C-11 ^ O^O. ^ ^ ^ 

* A >. ^-i-, ^J^^A,, ^Hl-#£, -S-^i AJ-4, R! 7lEl- 4^- 9JAVS.JI1- -^-Aj-Bl-Cl-. 3A> OIAJ- 

21 ^ai ^ oi^jE^ oielt!- ol-g-sfoi 3*1 « ^ ojd-. 



01 eis}. AjAHioflA-i, ^lfe, ^Hl^l ^121 al-el-olElirS. *l-^sH zl ^efniEl^ ^ s>i42) ^3 ^ 

«fl?i ^2l-7> ^-AlSl^^- nfl, Al-g-Aj.0} ^oflAl 0])S. -ol, ^ Ol^|E Ol^jES-Ol ^-^Sj- ^ O.^ ^^O] 

^Cj-. olel*j- AjAHloflA^, 3,7l2j S.^S}-ir ^l^Alo)! £^ tl^°lAjoll Die) c»l = ol^7l nfl^-ofl, l^V ^1" ol^jeoj ofl 
»1 ^rCl-. 



2a> ^A) ^-7> ^2:21 ^<a*4-# ^1 <a<^^ SlCf. &71-71- ^^Sl7l Al^-*1 nfl, 

-y-^fl°fl Cfl^fl ^2:2) ^ ^ 71b). ^^. 7 |. ^Olujcl-. Oleltl ^Sl-fe ^-Xl-21 -fr^l S-Ajofl <^^=i- ^ 

«?> ovqe> ^.ofl^ ^^.s. -8-.g-si.Bi, zze^*j- -g-oflcq „ w ^. 0 i ^ 5^4. i*v §71-2) -R- 

^21 ifiS}-i- M-El-^ ^ 5^51^- S-ME-l^sl^ 0^0. =01 ^la s)^ ^ ^.^ 



Efl^H >S«21 ^-^^1 s.Ajsi •Ss^l- ^-aI 

§- «?MlAioflA-l ^1^^ 3-^1 Al^Ej^. pH, Cl-gr ^171 ^2) ^2)- ^^-S.A-10] t|AE AflS.21 o.^*)l ^.g. 2, 

Tjs^Ol Af^.^ ^Cf. Ol^tl Ol^ SOl l &o) EflA-E Aflifil -A^ ^^.O) ^1 « 

^ ^ ^4^r A1121SVJ1, ol^jE fl-tg Mj-^31- Dfl^- ^-AfSl-cl.. 
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-g-^ol 2,71 -IHS-i- 7>*lfe *qo] w ^^sflofl -^^ch wl-al- So], Al^ 0.^-0] ^^cf. 

^ Stt ^ ^,^12 o]^^ai *)) 2 -fli -g-'a-o] 7)^cf. H ^<Hl, 1 « a|] 2 ^Ix* H] 

4J£ -B-^^l 3*1 &?&t±. 

-Ml -g-tol o|e} ^sflTj ^^ifloflAi <g^S|^ #fct|.fc, Z\o)s. -g-o»o) o.^*,] ^<>1 tg^s)^ ^oJcK AiSj 

-g-^ -8-°Jj^ -B-^^l ^Hl* Wit *ll l ^.5: -B-^Afl i7l ^ o^sio^ zl ^>o]^ fl- 
*3l*H ^Mis) ^sl-feHl av-8-^ ^ fli*. 

fl-'S 



3. ^ cfl^ a)^^ 4, 4|« <>1*MH A^SRr ^ A]i^^ ^9] ^2: « 

-g-^si 440) ^/sj-jj^sofl cfl-g-^- ^01^. <>io^, d]^i -g-^oi a^oi o]^oi^icf. cf^-ofl, n -g-^s) aij: 3- 

»a-i- *[Si V)3LT5}<q ZL^r A>0]oj o^S-i- ^^^Cf. D]^o| ^2:^, n^S] -g^o)) 7># ^ 

J£^t Zl ^AJ-SI c-))olEl ^ (point)* ol-g-SM aJa]^^, ^t}7] i=e ? ]|o] SE^ -ft-A}-^ 

si o]^.^- ^£ °icj-. n ^-^^ zl- ^s/s>^s oi-qe^, i^>, 2 ^>, ^ jia>^^ ^ fl-^ 



^AVon^a] H fl<g Aj-^^-^) (homologies) SE^r ^-A)-^: ^-^-°Ha1 ^-3E^ aJ-^^-t)) £ h <?1 (domai 

n)3* a-* *>-¥-^« ^ 5a^. <& -a^H«n^. ^ s-a- ^-a> #^s]ji n -g-^-oi 7^ 

^EHr Xl«1*>at, Aj-71 D ^-g-ofl £A]^ ^0} Al^^C^-. Z^-^ AlJ: O-^-o. £ - ^ 

*>^io)l Cfl-g-^ 5jolcf. n)7l fl-^«>7H) 7))^S] ^7> ^lSlJl S^S}.^ nj|^7| ^-^0] 

^l^^Cf. 7fl^2) Aj-J^^ol tff-Ag^, n^l^ ^-7f ^3E« -§--??-«■ ^ SlCf. n l^lS) -g-^ cflAj-g. 4 ^ 

tt SI^. SMS] ol^lfi] ^-^Aj £E)H (motif) oil Si ^l^S-H nl^SJ ^ cfl 

^sl oiSLefl^i}- ^ Sllfe ^ti ^"il-i- inltt ^ sacf. cl-g-^, ^its] ^7H^ n s>Jf^2: zl-zl-i- zl-zt 

SI *3l?V=*ll ^^-Al7lJl oHAi S.^^O.S^ fXl^l}. °J AJAHHIA^, 0]E^ ^7flfe fttt Qo] A] ^ ^ l+, 

t£ $a^. 6 H^i, ^si oi^sfe ^r*^^-. ^ -g-^ <g=si ai^^ 

Sl^ll ^•^^•^Cl-. ^ nl^JSl ^ 7J-21 ^^ol 01^.01^)4. ol-ef, z}-z|o) ^7] o.^ <g^-^d-^ i 5} 

?V^fe ^1S1 -g-^-ofl Aj-0.§]. fe 217J-H.5L Al^^Cf. o]-^, S>^-^-S7l- Hi M-El-^Cl-'g, -g-^ 

^ nl^l el^si a.cl- <M^9J ^» ^^*>7l sisfl AV-g-JgCf. ojeit!- ^^Sr, *°J«: ^m<>1lA-l £h X| 

^r«1^2l- ^ °Jsl2l ^-xV ^t^cJl A>-g-^ ^ ^cf. 



^ $ai. ^ssi ^^j^ ^ sacf. 

^•^^ (specific) ^ cfl uimol^ 
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^- <^)^H21 iSlj^^ ^Jg-ofl 2l*fl ^^cf. oq« #<H, ^1 ^»]aJ ^ olsflE^ 

^ojj^ #,g. -g-OHofl tfl«(| ^Aj-§- HV^-sH. ^°1 -S-^ D)^)fe ^^tVcf. ^e)jL S.O] 

M-Efiflfe xi^s-g, hI^-o] ^^--g- q-E+Ml^r zj-zj-s) *13-& 3he.nl. -€*ti ^-g ^sfl oie^v ^n}-^ 

(subset) * ^«i^cf. so] ^ofl 7l<iltV -g-^-g- ^ItM] ^1^1^ -g-^ HlaZtfO-S.^. S-o) 
^2] ^JE7> ^^«cf. 



nflnflS, ^^^1 §40) s.^ <£.g M>^3]5>Cf. o)]l- cfaM^o) a^i- ^^Hr ^ S£*r ^ 

-fi-^W «|-a- Hfl^^l o^ltr ^3)2] *3°l^Kl*l* ^*Rr ^-i- i^i&cf. ol 7>*1 ^ O.S 

^■T-^S^l -S-ff-^Cf. «fl# !-<>!, ^S^OflAi ^S. ^liS] ^ A>0|°| A) J! 

olS}- -fi-A>*V^| 4= u^a} ^3 -S-f-^TllS 7M2 ZLofl erf el-, nel ^ #-S-#7fl# 7l^s §Kf2l 

^ aJ i^ ^«J|^ -g~f?-i4 « 0 >^o| gro. ^o^]^ Af^-^q-. ^^Ai «.^>sl -B-^^l 

-S-^V^ ^1*1-^-3.21 7l«>«l-3 ^^ofl 2JSI1 cH^f^-S] #^01 SLS.i£ ^.3, £ i=. 7lSV^ 7>^1 

^-^^si -a-^^i -ini-a- -ii^^ ^ si* ^014. n^e}-^. twi 21*11 ^^si^ ^ 

=1- -fi-^^1 X^l (signature)^- ^Jj^-i- *1^^ ^ Sl7)l S)-^, £v>- ««Sl & 

ol-g-^S.^, #71 €"ff •S-'S^r'HIl SCf -^-7}-^- ^ 0)1* £.^014 ^O] S-^j sJ-Jf^^-ofl M. 

o]q<=) ^-sfl aft oi^-sv^ ^^-io] an Hl^7))i- ^ &cK 4^1, <H«1«- ^<H^1 ^-^^iE ^-^ *> 
-¥-^2:21 ^7fl * Hl#7l)i- ^^«-o.s.m| zielji xHls] -°-^*il JHJ-i- ^^fl-^-S-w) ^ ^4. ^1 =H ^3r 

^ttp «o V ^ <H1 C]*H pH, o]^- ^] 7 |, « ^-l-oll 4^- ©^^o] ^=.0. lief ^^£1- 



#7121- -B-A>?.V Xl^^o) Hj-^-g. trJ-f-O.S.Ml 4^AV ^A] s.^^ 4, ojq. 1-^, ^<H^1 $.#X}7} ^ mi ol^ ^ «H 

7>7l^ ^J* $t ^ Slcf. 4°a^^.S. Hfllofl ^^ 7| . O^g. 4, OJc}. ^S- S-cH, g« 7^iB]-OllAlSl <g ^ C]£. 

^"i°11 c)!?!: ^-S.* 7l7)2 5jir 4r-€^Hl^1, < a^ < ?l B)l o] i . ^J- =-^>gol gc^=- ^^o] ^fl^-cf. a&|^ 
^^-S- ^^1-21 ^ ^-fj-f^cystic fibrosis) °le|-fe ^^g- -fh^-^. 4^1, 2)=^ ^^ofl cfl^. ^^a] ^aj. «)]<g-g. 

-f-^l-tfofl ^ ti^l(Mi§) ^-rr (strand)*- iM^Cr. 2J2121 ^c^aI ^.^7]. £i=. ^%S] 

^1-8-SH. a>2]- ^-ol ^oj^j- ^-Elal ^-^^-ci^ ul si] ^ i^j (hybridization)* 

H-*lSrj7 ^tH- 5icf. ^ °l<aH2l -R-^d^l s.a^^. s.^e}-Jl Eli ^1^ cflolE^ <g^-A]^ ^ 5|ji, trl-e}. 
*i^>7ll £^=r l:2j-^5l-7ll oI^-cHa] jeaJ-o] ^ ^^i «H15. 0)=^^ •SJ- e l^H.» 

0 l-8-*l-^, °1H!S21 #^ifl-ofl o^«n ^ 8 47fl2l -^-cl^- -f-^H^-i- (el^-ss-Ai) ^ 5^14. ^^ti^, jjia}- ^. 

^^^l7l7l 2}sj] ^4 °j^*v s^-S- 2j-g-si-7lu|- s*r, ja^ ^-^21 -g,^.* q-Bl-m^ cj-g. 3l-g-5>fe -g- 

7l^ ^^1- ^o], ^7>^)-y ^*>^. ^ol 7)-^t^ ^jg- ol^l^- ^ojef. 



-n" A r^ ^^-S., ^r-8-7l7> ^ Hl^-g-(turn on or off) Sfe £^ Cf# ^^2] oj-SiEflS] jL^fl- 

-R-l-Sl-S^- SVfe 0113^1- ?l^is}7} 2)«fl, .^^.71 Aj-jTAj-g.-g. S-Ajsj-U- ojq oj] a. =0], ^o]a1 
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£^5U -B-^>^- -n-3*fl -g-^l-fe ^€^-5.^ *r-8-7H -ft-A>^ ^-fr £.2.3. 



^ofl A>-g-^ ^ S}Jf^S<>] eq« <y;j|- ^S} ^(helices), uflE}- AlH, E5)| £d)1<=1, ufl^ 

(barrel) «fl - fl (beta - turn) 3r 2*> ^ 3*> ^ C 2 tfl3(£H#), C 3 cfl^, C 4 tfl^l, D 2 tfl^, °J 

1H1 cfl^, 20£*)1 cfl^al- 4*1- t 1 ^^ iJr^sl^ 7^] cfl^ ZLf-o] ^cf. [i979v£ol] ^-^^ 7).g.5L(G. R 
ose)^ Heirarchic Organization of Domains in Globular Proteins, J.Mol.Biol. 134:447-470] ^H*} 2 ! 

^[^^ Hfl<g ^%.&7\] ^ nj]<g ^o^, A, B ^ Z DNA. #$1 ^ ^-n- ^Efl, ^^<a.(supercoiling) ^ 
Efl, 2<£ f-H., D ^-H, tRNAtflS] TfC^£, tRNA [-tH*-°1] :£*ll*Rr ^=^7} - f^(Spri 

nger-Verlag)ol 1984 , d°fl t^t!" Ciff. (W.Saenger) Sj Principles of Nucleic Acid Structure; ^ tt^- # 
=. — — ^ *r«H &*«J-fe §>»] <S^- ***HM 1979\3ol| 3). ^ °) (P.Schimmel) , c].*(D.So 

U), ^ ^l^.^rt^U.Abelson)^ Transfer RNA] 

^Sj- 



£. ig oflAl ^1 S^^))^ S£?V *^tfl^ ^-£1- (quantitate)*Vfetfl °l-g-% ^ Sicf. ^ 7 ]- o]e) 

12^51^1 <^le^ *«flSl $J -gAHHAl, ol7i -S-^tH^-ofl tflgfl * ^(kinetic)^ ^ 

^ ^fe ^?>s.7> -aemcK *J-e)^=.si ig^ ^7> aj-g- #^_v Jf ^.s^-, o]sj^- ^ 

.^■oi^- « 7 flsi D-e]^# a>^-^ ^ ojo.^ ^.ofl 14^ ^.tq- v]^ ^flofl St* <2* ^ satf. 



Cf*<Hl, fl-3l?V=7V S^^l ^o)l -?-7> 5E^r -^-^-Sl^, #*17> Ali^ofl ^^^cf . n ^Ofl, -g-^-O] sjcfl 

•fl-ol^ (specificity) ofl tfl^fl ^41t ^-^.7> 5l^Hl tfl«fl ^^f ^^71- §-^cfl^ *\ 

^tflS. ol^l^ HL^=- ^^S]J1, «l^-o]2j ^^-o] alcflS. <^^-§- n]^^ <^<^o] £^S\ti\, 

^tfl^- It^s. ?W w>] l^s)^, ^^*7l- ?>cf^, «iLvl ^-f<Hl 

r^fe ^ofl, ^17> m^tf. o)e^> ^-^1^ ^1 *ie^ ^1 ^^^1^1 #^8 

<y. ^AlofloflAi ^^l^C].. ^d^^O.^., oj^ 51^* ^Sfl OL j%o]Z\ ^(point)Ol Jl^Cr^, t+g- 

Efl^S ^Sl-ol Alia]^ ^ O) ^£.0]] tfl^- -g-^.o| ^ 5jcf. ojolA^ ? i^^rV -g-^S^El JH^ 7 |S-«- 

2.3.^ ^^"(extrapolation) %k£-iH^°} nj^S) ^cfl^- ^£S] ffil ^^o] <§j^^i}. oj^S}- 

'a^m, A»f|. ^-x] 3h^S)]<i ^-#5>J1, -g-t* 3^0^) ^JlBl^'Hl <a^l7lJl, ZLS-¥-&l -S-^c}]^- 



^•©1 €A§>nf. ZLel«V o^el ?W ^AS. ^ Sicf. ofl^- §o], ^ ^ £ - <y 

^^^^ *^8r SIS. 2\-^v]Z\7} ^ o}^ 7 } ^Wfc ^^-ofl nlBj ^Sfl^l a 0 V^] O.S. ^s] £ S. c|7>«y^ ^ SiuL, 



*»1 2:^*1] ^V7>-S^ 
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£.<>1M. *3 el?i:=(l*V ^W)^ -8-°Jjvfl^ cflAj. 2l?U= (2*V ^*)°fl cfl«fl *B|^-s.a^ 1^ 

^2ah ^ siai, 2 *v w<n ^ sacf. _ iatJ . ^ 

j^-fr- s.o] el^» ^lai ^^ofl asm, 3tt el?KEL2l <frfr *eltbs 

21 "tfofl 3^ H] 3fl*h %o]5L, Ziofl 1^2+ ^7flSl «1 3fl :*} <y (ratiometic) #^^1 7V^S}tf. 



el A>oit|. ^-ssi 5]?_V=o11 tfl«fl *J-^l/5l?iH £tf -g-^ «^fl-o.3.#i el?is.ojl tfl^ ^-A> 3^ ^c»i 03 0^1 
nj, ajTVE. Plel -^«(|^lnf. cf-g-ofl, el^ofl ?£*\]2) «lt 371 (scale) <?!*KA) 

7> ^^^Icl". A>-g-^2l ^^oflAi, 3L^S\X\ 2>^r ^-g- fl^ ^A}*}^ t^lSl <# " x " ^ HS^fEi <g<H*l*r 3. 

71 <y^> » y " » ^tfri}. n ^ °ii, ei?i=7> ^-^^i 7>sii^iJi -g-^o] ^jsh, ^ xj]b\ ^«ii^i 33 ^-Ai-a- 37) 



°1 el «■ 7fl -a -8-^^21 ^^-s) fl^. 6 lel^7fl^^AH6j|Al, ^1 3:^^31 a^-jEti 

^ Plel 3*fl3l ^SKSL w el?Vs ^oi^* 7 Wfe ^-el?>s.S a«-«-ch oH^, -g-°>H 7 }^H, -g-^o] ^ 

34. ^Is. -g-#£- 3^e1 elTisei «g=ofl hi^i^- ^oicf. nj-eH, 3^ ai^ ^-g. $4] 3 ^e^s* Ajs!tii£M|, 

«JS1S1 el^-o; ^^o} o}=o]&rl. o] nfl ^ 7 1 4& *H ^7> 2l£S>fe »§^£l S 

^.(log) ^^•(coupie)msi ^^^1^1-. M>av ^-o] ^-atb »ia03|«l ^1-8-^Jl, AlSlAj^. 



VI. iH.H^ol -a^ 



£ 5a ^ zj-q-fil »i Vl tl-i- ^^s>£^- c1tc>«?1^ i=S$H«H iln^f -a«8«l-S.s. ^sl^ Qfttf Al^Ej( 5 io) 

21 7fl=f^oi £A]^-c|-. ^^El A]^Efl( 510 )^. aqEl(514), ^3^.(512), 7flHl , -J(518), « 7la.E.(534)» 

S Xl^-SV7l^«fl, n>-f^(£Al o>^-), m, ^ 7>AJ- ^.^ ^SlM^sq. ^J-o. 7lEj . <y /# ^ 

^lEl^ol^* 91^. 711 «1 V J (5 18)^ CD-ROM u.(516), *VS sal-ol *($.X\ cq 

^11 3ME-1 ^ ^ i^-sH^. iEB?l<H Eia^f ^^-*>3. Sl^cfl Af-g-^ ^ ^ 7^ t\}o)t] 

tttt. «m €-51 d 11^1S.a1 CD-ROM(516)* S.a1^x)d>, § S s*| cl^H, eja, ^ #EflAl nfliLel 

* i^-SRr ^Bl7>^ti- "fl^ll* ^S. 5i cf. 7l)al^(518)^ 31 S-S-M!^, nflael ^ <£»m°} % 



£5b^^^El Ali^g (510)21 Ml-¥- t 1 ^* HAltl-cl-. ^^El Al^(5l0)*-a«|^o.S «g/*^ Xl <>!-¥- (524) Sj- ^S" 
J^-g-SHr S_MEl(514)« S^-^. ^fl-E-1 Al^Efl(5io)^- Sf> Al^^ n)lae|(526), = 3.^1^1 (528) , i^Tl 
(530), ^-Bl7>^^- x^^H(532), 7lJsL^(534), 2.^ ^1^2(536), ^ MlHfla <Q *\ s\)°)^(538) ^ ^^1^^ 

^Al-tq* £^ ^ 5)4. <fl# 1-^. ^^-E-l Al-tfl^. C]A11J 0|olB) ^Bl# *l«fl S>uf OlAj-O] B^A) 

(528)(^, cj-^-H-S-AflAl Al^^)* Z.1frig ^ 5)rf. S}-#S.(540)^ ^^Ei (510) 2) a)^ E J ^^(bus) t 1 
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« ^ S.S.>HlAi(528)# a]^ D)la.e1(526)ofl <5l^*>7l ^«fl (local) Bjif o]^-^- ^ E 5^4. £ 6 ofl 



vn. -M^a 

6a tt Jfl-g-^ -£-7} ^1 Al^^^ HAl^ji, £ 6b -6f ^ *W ^3f# M-HfHHcf. 

S. 6a *r ols]-^ ^ofl A)~g-;g Al^-g- SLAls].^, n + Agilent Technologies. Inc.(f^S] flpfl 

B[|?HSA]-)7f ^SRr SL<a #Jr HP 8714 a] «3)Ei tflE %ftB], ^ £saf £f^, Aj. 7 | n_g_u_i=, 

<8«M -^^Ml ^^5)fe ^(grooved) §7fl ^af, Dfl^l * Efl^E Afl-g-g. ^3 n^yo] ^ 
*r^r -B-^il ol-g-Slfe ^o] p XFE ^(^^v^ojs tHfc ^1 dL7.fl«Hr Cole-Parner Instrument Com 

pany)* S^Ef. £ 2a °fl £Al^ ^-tg =S.u.(230)7> o] ^ofl Al~g-Sl£i}. 3. ^ =S.H.^=r 1GHz 2} f des S ^ 
AK1355U. -8- 0 4* i«-SRr -fM)l ^^(PTFE)ol ^flSKn. ^Sl^* nfl °}= 1.163 GHz ^1 f res * M-El-vAcf. 

^^i-b Labveiw ? 4i = S«M«- -t=Wr^ 9] ^?§~£ ZLS-^-B] ^<H^1^ elM^* c]^#efl 

°1 ^ Ai^tM-. 51 2a°fl SLA] 3.2. J£x$Q a >«q. ^ ^ _ ig Efl o} ^ W.7V Af-g-sl $}cj-. PTFE #(0.031" tfl^, 
0.063" 5*1^, ^-^^1 0.016" )o] ^ =S.«.21 ^1 «^^ofl ^$)5\5L, HStLS] AiwH) q-Aj-Tj ^s) ^ *-o} 

*8^€ -tf-r- ^/U-i- oi-g-sM h.s.h.s.-¥-e1 » rt i-^s. -a^tq-. ^ $} a] 

SLA] ov^)^ -a^E)ji, el- ^-Yfe -n-^1 ^iS ^#xflS ^Tj^ltq-. Al^^l ^Hfe, tfiS Ajs.^. 

^^^-S. ^7l7l ^-"a- (negative pressure)^ ^l^-*!-^. ^^^A^, efl^s Aflf.^. ^ 

(155)Aj-oflA^ ol^-Al^^Ai, c^el 7l-x| Efl^e ^1-21 ^isy^. a]^^ o.^^. _ 0 05 mL/ »o] 

^5-3- ^H*}^. ^2} cfJf* 1 Eflie Afl f£ H El ^e)*Vji, _ i cm z]olS] ^-y] 7$o) o-ojsj^s. _ j ^ 

4. ^71 ^-8: -^7flSl Efl^E Ai^. A^o]^ « 0 >AlS>7l A>-8-^Cf. $-Z]} 7 } ^ <g q ofl ^ ^ 

^l^EflS. -n-^5l$J^ nj|(^, A^*] ^= 7 f 7)^^* nfl) ^-o] 0 .020" vfl^. 0.063" ^^,0.021" ^^^] 

^ PTFE 4 Ji4 ifl^S] tfl^SlSi^- nfl "S^^l ^-AV^ ^jq- 7 > ^ol^cf. 



SL 6b-6h ofl 51 Al<a ^^o)l a>^.^ ^cflAj-o. ^.aj.^ n (CA ^ju). ^^6)), 31) a.e] m^1(I - S E}<y , 412I-), 
eli^(^z> ^7.1-), ^Al(sflAl ^1 ^q-), 5ffl 51 S (ferritin) (I E)-<a, ^ ^E)-), ^21 <£Jf n] (BS A) . -i-(18 ^7^ 

5i-ir), i# 5lo|]AjAi3|.olE( sodium dodecylsulfate) (SDS) ^ ©1^ ofl^] 01^0)01, ^-<g ^.on o. Sigma A^nl^e} 
^}o]m ^oliofl ^7ll)S.YBl ^SJ^cl-. 1^71 ojAj.ui.E-g- ^ 2 ^ 7l olAj-u|.s #i EM Science (^7^1 ^^^o\] 
±.^)S.^-B] ^t}^. PBS Dpfl^ ^<y ^tflS. A>^-SV^Jl, 25mM oJ^ufE^ nfl^l^ a>^- a] ^ofl -g- 
(18 tfll7V J2.^)* Al-g-Sl-a} pH 7.8 S ^ul^^cl-. CA, ^ «.5l^, El4i^, BSA ^ 1.0 % ^°»(w/w)f4 

-8-3)^0)1 pH 7.8 S. 25mM o]^ dJ)^^. d>^^c1-. 1.0 % -g-^(w/w) SflelHl * 5 %(w/w) SDS 

a>-§- aj^iofl PBS m °11 a-) c>^^cl-. 



711 1 -S^ollAi, PBS nflafl^ ^ifls. ^ojslji s ,, (S]^ #lslHfe ^1 o.^ o]^^cl-. 4^-0)1, 

sllEl^ Efl^H ^#(PBS ^Aio] x o /o w / w ) o| ^l 0.3. ol^slji ^ 2 S „ ^-^^ AjAlsl-SiCr. sflel^ -^^^ ^ 
^ 413^-1- ^Sfl 4^1-ell ^A|s>^cl-. PBS -8-ti| iflSl S u -l-'a- ^ 47flSl 3H]Elfl -g-^ S 6b(db 3.7}5L) « £ 6c(^ 
a| z}-51.sL)o|l SLAl §1-5=1 cf. 
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5. 6b S.*\& 42}- PBS -g-^ S ,, 1.163 GHz S^r ¥l(null)-g- 7^4. a?K PBS ^ 

^lel^ S„ S. 6b <^a-i * ^ ^cj.. s-*), Dflej^ s ,, PBS -g-^ «H <g ^-s.el^ji $ 

e^-olElS.Ai Af-g^ ^ SlCl". SEft. ^|Bl€ S„ ^(371 W/SE^ ^-S")^, ^o^^ ^Ol, X\$S\3L tj* B)] 

*»-&vflSl nj^o] J^tfltf-g. ^^*>7l 2^ 4]* 1L5.A\ Al~g-f} ^ 

£ 6c ^MHr°11 3?! PBS ^ il)e]€ S „ -g-^-i- ^0]^ a7 l ^M-f. ^ 7 >5. HAl^cf. ajtfl *Hir 20 dB 

A>c]^ jg. ^ ^ ^ ^ <&34J* M-E^xflfe 5J0I4. 

£ 6d PBS H Bt]e^^ S ,, -g-^-^l £l^-§: SAlsfi^, £6e^ =L^r *}°)2] *H* Ji^^cf. PBS^ ^EUS 

^■b-^. M^$-£r ^4^2] ^a^tA 2lSfl A^S^t}. £ 6f ^ 6g <EH±lHrS. 

di. 3l« ^ic^fl, e]3^, BSA, ^ ^ ZlElJI npfl(25 mM <J]-i+i-m # c]^ pfls)), pH 7.8)2} 6 7fl^ -g-^cfl^ 
o.S.^-B\ 3.7) « ^Aj. S„ £A]tVcf. 3. £^o)M # ^ Sife £<>1, -g-*)tfltf£- A>S. -^ol§>ji ^ 

£ 6h -ife Aji^^- ol-g-sM oj^g. <ga)-u|E^-^ 5 7fl ^.onoj s u o.^. (a7))0] £ a]51<^ ojcf. n -g-^^ 

1.0 M i-g-^ (stock solution) ^-S^-Ei ^o|-^^s. o]^}<^ ^]^o.s. -fr^O 
«>sf ^1 <3 "3-2-5. £^€^1-. ^1*^7> 1.2 GHz 21 f des ofl^i 

^ £<a^4. olc^A^, _ 65 dB a7l oj ^ <g £ s. £A ]^ fres ^ s-^^Jcf. ^ 

ZW-^I <gS}-M-H# -g-^o] AIJ: -g-^-ol 7]s.€cf. £ 6h <H1 £A]^ u><4 zj-ol, Al^tn o- 0.010 m 

M NaCl -8-^4 Sicf. 

£ 61 ^ 6j ¥r ^^<H] tH-E]-(i/2 x 21 *<a«- AV-g-sM) £ 3d 21 A>-g-*l-oj ^-o) ^ ol^l 

H# nfl S,, Al^. -g-^ EA^t}. £ 6 i^ HSA, SAL. « u]^^- cfltt -g->& 

-S- iAleV^, £ 6j ^ -g-efl21 HSA, SAL, ^ ^efl2] HSA ^ -g-eflsl SAL 21 *^#ofl tfl^ ^1.3: £^^-14. ? 1 

^ ^1^- ^) ^ ^r^Hr ^(^i ^^-<>1 #^sl^ 5-oflAlSl ^^)# ufElvflir z|z|2l -g-^-fr °)*\ 

^^^-Cl-. 

^1^-21 ^°1(HSA) ^ #-¥-El-»(salbutamol)^- fli^Al ^^?H1 Aldrich Chemical Company S. 

■¥-&! ^"ysl-^nl-. ol.AV Al<g^(PBS)^ ^ a?ll.£ o>^«S.6|| 4i^*>^ Life Technologies, Inc. S^-Ei ^-^51.^4. 
SAL 21 a-g--^^ 50u M *£2l ix PBS(pH7.2)<HH ">€*>^cl-. HSA 21 £.-g-^-8r 50» M -fe-£2l lxpBS( P H7.2) 
°flAi d>^^c!-. 50 U M ^-5. HSA tt 60 S.C <$*) 15 1XPBS tff^oflAl ^a^sjoj^ Afl^-^] d>^^ 50u M H 
SA(-g-efl2l * ^^€)^r ^11^21 50u M SAL °1H 10^-?V <^ll«l 'Wsq&cK 1XPBS( P H7.2) 50u M H 

SA(-g-efl2l * ^^)ofl cflsfl, 1XPBS( P H7.2) 50u M SAL * i^>fe -g-^°fl tfl^l, ZLElJl z]^2) -g-^j 
^tM-^-^i 1XPBS( P H7.2) oflAi 25u M HSA $ 25u M SAL 21 XS.^ 7}^}^ ^#o)) cfl«fl, aJJ^ ^-^-s.o| 
AJS ^-^1-8: ?lBlsqo}. ^-s. ^^11*1-^ Agilent Technologies A>2l #Jr 8714 2J tf)El MlH 

*|H §-^7l« ol^-sl-al Aj-^-oflAl ^<H^cl-. 12 GHz 2) f res -p. 7 y*]^ ^ ^ h S h_s. H.S.H.S.Ai ol-g.^ 

£ 6i « #^§>^, Hl3l -g-^ q= 1232.86 MHz oflA], 2)= _62 dB ^21 £3L ^ofl f res * q-Ej-vflcl-. SA 

L -8-°-^ ^ ^7>^- ^-^ ^^-(-60 dB)* M-El-vfljz, ^-^ ^^2) £3Hr -¥-Al^- ^ HSA 
* til-fir -73 dB 5 q& M-Ej-ifljl, ^U^-fe tH 2) f res S.-?-E-l +3.5 KHz ^-g- 

^•#-fi- 2f -67 dB 21 BIS] f res S^-Bl +1.9 KHz 21 ^3<M* ^g-^-a- q-E^^Cl-. £A]^ Hi-fi). Zlol, Hl^^- 

-M^ HSA ^ SAL ^-^ A>ol£i m-saofl e^jtl ^1^- « ^34^ q-Ef^cf. 
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£ 6i ^ 5E.Al^ £ol, ^ SAL -g-'sMrOl 5. 6j «^| «1H SlA^cl SX^. HSA f res S-f El 

+2.3 KHz -55 dB 21 ^-fr 7>*14. ^^-*^r f res ^."^ 2}= +2.3 KH 

z ^M-^ ^. -53dB 21 ^ 7 >*H, ojel^ SAL « -g-eflS} HSA -§-^ JgS&sl- ^ 

£ 6k ^ 61 fJ-^ofl o)-e1-(S^-€ 31321 IX o]^) 5. 3f £>} tg-ijj-g. ol-g-sW s-o) £. 

^ ^lSflSl- nfl <a<H^lfe S„vMJ: .E^ltl-cK £ 6k ^ ^€ HSA, SAL, ^ ul^tf -£^#°1| cfl 

?V aIJl £^1*>31, 51 61 ^ ^-2fl2] HSA, SAL, £-efl2l HSA7V SAL^I- ^#21 -g-<iJ-gr 

£Alt!-Cl-. ol«|-6flAi ^cRr U><4 ^-O], Zj-Z}-£] -gj^jg ^13. ^(^J, ^M. ^) ^(a^ QS-o] 

3HH21 ^2Hr)# u)-El-vfl4. 
*¥-EHl- « HSA 21 S.*«q* 200 p M ^5121 ix PBS( P H7.2) 3. ^m^. 3# *5.7> 200 p M °1 HSA pH 

7} 2.73 -2.5. IX PBS «1*H*1 Wj-Afl ^^s^oj^ ^ ^^oj) oj-^^ p BS h^jeI^ ej-q. ^^o,] ^s,, pH ? 2 

S.Al^Tfl $3.3 art. 

^fll-Tfl ">S€ lOOu M 3* *£21 HSAtt lOOp M ^ ^£21 #-?-El-#oflAl io^-?> oflal Hfl<#£]$it1-. ixPBS(p 
H7.2) <HM I00u M HSA(^2fl2l Hl¥: ^^)ofl tflSfl, 1XPBS( P H7.2) I00u M SAL * i^-*Hir *«M tfl 

*fl, neli 1XPBS( P H7.2) <*I|a1 i00p M HSA ^ 100p M SAL -i- ?Mfe -g-->>H cfl«fl, AlJ: -g-ijM-ol ^Jo^cl-. ai 
21 -g^-fr-Sr «e1iM«>> *S 2>ScHl Agilent Technologies H.^ I #JL 8714 2] <S)El vfle ^ a .g-A| 7 | 

w ol-S-^M ^oflAi -S^^cl-. 12 GHz 21 f res # 7>*lir ^ ESfif ^3 ol^-Sfojc^ 

£ 6k * t2Sm, -g-^ 1232.86 MHz -62 dB ^21 ^o\] ^S>fe f res » q-El-^c}-. SA 

L-g-^^r etH&AV &8 ^^-(-60 dB)* M-El-ifljL, ^^2] ^S}-^ -¥-a]^- ^ ^I-g- ^a^^i hsa 

■§- OJ !-Sr -87 dB S. ^€ ^1^* M-Efmal, ^^fe HlSl f res S^-E-| +7.2 KHz ««r^ ^Jl- H]^^ 
^#■8: 2f -63 dB 2) ^l^lAi ^3) f res S.-9-E1 7.2 KHz 21 ^sK- ul-El-«fli4. h>21- ^-ol, ul^^ 

^13: HSA(2f 7.2 KHz) ^ SAL(2f 0 Hz)2j Hl^^- ^^-#S ^ ^€"21 ^<H| f res -S- tH # %A 7\9\ 

£St ^ (f res + 7.2 KHz)# ^Hl-^cl.. 

£ 61 o\) £Al^ u><4 ^-ol, Hls| «J SAL -g-#»°1 S 6k ^1 alJE £A)5lol o^d- ^.jfl^ HSA ^=t ^s) f res S-JfE) 
+6.3 KHz £«rS)jl, -61 dB S\ 7^^. ^ ^^#^r Hl^ f res 2)= i 0 .8 KHz ^ 

^» M-El-iflcl, «»1 ^^fe SAL(0 Hz) ^ HSA (6.3 KHz) 21 ^fl-aj*! 7H ^^*>7fl •JiH'x+cf. 

£ 6m 4h ¥r ^<H^ -g-^- ^AH_o. HAl^cf. HSA ^ ^l^^Al <fl^7Hl ^T-fl^^- Aldrich Chemica 

1 Company SSf-tf ^^^SL, PBS tt ^ ZL$\SL o}Q^o\} Life Technologies, Inc. ^•'y^^ 

16-°i1^-S.S?Al.f)l^>^ A>( mecaptohexadeccanoic acld )(C16)^- nisei ^flojE ^-oliofl ijj^^ Gateway 
Chemical Technology, Inc. C16 21 SI^-^^: 1 raM Tf-£2l DMSO oflAl HSA 21 2. 

200p M ^-£2) lxPBS( P H7.2)oflA^ B>g§>^cl-. HSA tt lOp M 21 $nl 4-2,0.1 vfl^l lOOOu M 2) 

3# ^£21 C16 4 ^-Tfl 10-S-?V oflBl Hfl^SlSicI-. 31^ ^51^ 5 % DMSO » ifl-*t|-. 5 % DMSO(pH7.2)» 
i^«Rr 1XPBS -g-^ofl tfl?V BflolAiBl-^l -g-^-ol oJo1^14. 5 % DMSO(pH7.2)» 3L«-SRr 1XPBS <^A^ C16 21 ^ 
S]7}X[ *5L# i«-^>fe -g-^ofl tfltt ^ -g-'a-ol "a^Al^. Al £ -g-^-s-o. ?Sel3L q o] . ^.g. ^. S oH ±^}^ Agilen 
t Technologies A>21 SLt «1 Jr 8714 21 S)El vflE^a §-^ 7 is. ol^-sH Aj-^-oflA-1 ^°1^c1-. 1.2 GHz 2] f res # 7> 
Alfe ^-^ -f-^ ESMf ^ SS.tiLS.Ai ol^.«>^d-. 

HSA, C16, ^ HSA 2f e^el 7^1 <£2l C16 2l«fl ^a^s)^. ^-tg ^,4^ ^.^s) ji, PBS/5%DMS0 * 

o^Sl Hflo^el-oi ffes ofl cflsfl jg 3ol <golAlBl(i4ipOl aH), C16 21 -^JEofl tflefl ^17} JEAl^cl-. -g-^-(S. 

6m) ^, CI 6 tfl«)1 91= 50p M 2) Ss^-fr 7>a1^ g.$. ^^1 
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4 1 SJW. <^1« £^ -8-^ AM «.7l-oiH.<2}. z>,g. cf=. nflsi] o].u|el- ^ -fMl Ai^-g- ai 



1999V). 2*1 1<S°I) " -g-Af ^ oI^eo) o^^. » o v^ -g ^1- ,3^3 09/243,193 Jl (cflel"?] a^ 

19501 -000200US); 

1999V! 2*1 1«W #3J€ " -g-A> fl^ °l<fflH2l ^It!" >9-»a ^ W el-^ <3^}2l 09/243,196 ^(cflel"?! a^^- 

SiJ: 19501 -000300US); 

1999V! 8« 21H " 3* ol^Ecq bj-^s. o,^ ^ ^ ^ tg^s] 09/365,578 J:(cflBl?! A-lff- 

#31 19501-000210); 

1999V! 8*J 2<1H ##3 " ^-aJ- ^ onasal 'g-Sl fM* Sit! 3|iH A]i«g *J ^fl^" Hfe ^3) 2} 09/365,978 
5L(cfl2loi A) VH J: 19501-000500); 

1999V! 8-tt 21H " B}fe ^^21 09/365,581 21(cllel9j A^ff. ifljfc 19501-000600); 

1999V! 8* 21H1 " Stt olSflHSl -g-A} ef^ *$%s] 09/265.580 ^(tf|5l<?! A^ ^S. 19501 

-000700); 

2000V! 1« 10<H°fl " ^-a> ;g^- ol^flE^ <%i$ ^ 09/480,846 ±(tfle|Sl ^ 

-ft ^Jl 19501-000310); 

2000V! 1®. 101H #*!« " «-aV oHflESi #^11- *3 tg^o^ 09/480,315 ^(Eflel"?] a} 

ff- #3: 19501-000320). 

(57) ^-7- 2] 
1. 

(1) slHol 1.0 mL DloVo] ^1 <^^^. i^-sVfe -8-31 a-1^71; 

(2) 10 MHz m*l 1000 GHz ^^21 ^^J-7l <J}A> EfiS AlJ:^- ^^gy^s. a)^ 

(3) ^-=8 ££15.^, 



(a) ( i ) #71 Aljr ^^ol] 5H1-^^ 7>Ol = , (ii) #71 Ajs ^^^ofl ?H-^^ ^e^ol, ^Xj ^ 

#71 ^i^B|0]J!l- ^^1 ^. A>ololl afl^l^ ^.^^1 ^ i^l-^. H S d ^]E.5.Ai, *H = fe ^AV E|iE Al J: 

» H-Al ^^Ml£l Efl^E AflS.ofl ^7V7l^ ?l#^Sl-i^- 7-^Sl^, #7l °JA> Efl^E ^l^o^ E fl^E aM^^o) ^j- 

#-8-^" Efl^E ^^^t^, ^-71 S£I Sfl^^- -^-71 ^2:^1 Efl^E Al^o] <g JfS. ^f-^^, 
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(b) #21 £«-*Kr, ^ 

(4) ^-71 ^ ?]S.2$S\3L E]iS 5l^*>S.S. 41 Jr If*] «-f. i^<s)-^ a] 

*fl 1 1W StM*!. 0.3 m 3E.tt n a] tLe^^-g. i^-5>fe afl i ^ Afl-g-ol ^) <g<gofl ^fls}.^ ^ofofl ^1 i 

^ -fl#Ol ^^<>fl **ti*l-fe ■S-'U-oll ^1 2 #2: Efl^E AJJT71- <g<H £ nfl, Aj- 7 j A) Jr ^l^- 7 > Aj- 7 1 X efl^ 

— *ti 2 Efl^S a] J: ^o] ^c]s. ^i^. ^ ^£5. ic-o. ^S]^ A]i^. 

3*^3. 

A]^ 
31 t 1 * 4. 

X] 2 ^ ^ Aj- 7 ) 2 ^ ^~g-; 

5 *J-<H1 5^*1. ^71 ^ 4l7>fe Aj- 7 | 7,1 ty-Jji-l- #3*}^ f^2] ^£A^ ^ i^-*]-^ Al^ig. 

1 *<H1 ^71 ^€ ^ 4!j£ t^l-T-ir vflB^-lH *^ ^l^Ej A-^-ej. <a a ^ ^A-ej E i=, 

^1 1 Sa*H>*l. -S-71 -fr^ll ^^-g-7lfe nlA-flEl-o)El i^-5>^ Aj^^. 

^T 1 ^ 9. 

*fl 1 Sl^^, ^"71 -fMl 7.^^-71 «a ^^^-¥-£1 7l^O S ol^S}£S. 5]]^^. i^-SH- 

Al^l. 
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^T 1 ^ 10. 

*f) 9 -fMl *Bli-fr PTFE vfl-?- i^Vfe Aji^. 

11. 

^t 1 ^ 12. 

31 9 1HI floH. -*7l JQU-a- **fl -Ml* ol*Al3rl£^ ^Ifl -Ml 014, Ajiig-g- ^ 7 >S. 

^"71 -fMl Al^^O.; 

<>1 # -fi-31* ^^*>£^- ^3 -Ml ^lh-8-71; ^ 

^"71 -Ml -8-7H ZtE^Jl -8-71 -Ml ^fl^ofl -Ml 3H^» 

^"71 3|<3-¥-fe -Ml ^^-8-7lS^-el -8-71 -Ml *fl^§- -M13 ^fl^^S. A )^^ 

^T 1 * 13. 

(1) 1 ^S#* *)1*H 1.0 mL <?! <^-§r 7>X]fe -fh^ll X^^-7lxfl5. SL^SRr #7)1; 

(2) -8-71 ^1 <^^ofl ^l^s. oi7>«l-fe #31 iiL^: 

(a) ^ £S.ti S /1 • 

(A) ( i ) AlJ: 7>©1e., E ^ aj- 7 i ajj- ^-g-^ofl #*e}-<il, 3*1 fl, g #7l 

^^e|?]jq- AVojofl «fl^^ o-^sfl ^-§- StSffe = 3J± SflE.S.Al, >8-7l SJ^l- EfliE <g- 

*1 <%<%Vt\4\ Efl^E AH So)] ^7>7l^ O.S ^^g^S. ^Sj^_ Aj-7) OJA]- Efl^E Aj^O} Efl^E <««-*W Ajj^-g. 
£- #^F| Efl^E Aljr.g. ^Aj^ Aj- 7 ] 2 £ H *flc^ Aj-7] Bfl^E AjJ^ <|]Jft- ^-A^ £ja 

(B) f.S ifsfb, ^ H.JLWL, ^ 

(b) ^J-71 ^ fl* #-?-°fl Tl-^sqj! ^1 #2:?! S)^s>£s. aijt ^Jf; 
* °l-8-*M. 10 MHz m^l 1000 GHz Si ^il aij^ aj. 7 ] ^ cg^o)] °l 7 >SRr ^Tfl; 

(3) ^71 Ellil 4jJro] AJ. 7 1 Aj-S^o] Aj-Jr^-g-S} ^jq-S-Ai Efl^E Aj ^oj ^^. 7 > SMJ ^SS 3 o|B| J^tf^ 

14. 
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^T 1 ^ 15. 

^^y- 16. 

(a) ^-g , sfl^«>l 1 mL v]#9l »*| ^ 7>^]fe -fMl iifl^ ji^ji -j^j ^ 

(b) ^71 7%o\l*<q aflo^WH ^-7] Afl^ Aj- 7 | ^# ^"^JfEi ^}-7l ^-f Hfl# cJJfS. ej=g(| ^.Sfl 

7)tt #31; 

(c) 10 MHz 1000 GHz 2) 3liH -tf Jl# #7l -fi-Sfl <g<*H ^7>«V^ #7}); >* 

(d) ^7} tfliH AlJ^ ^- 7 j AflS.^ ^"JlWlr-S- %3±3-X\S] Bfl^H ^IJ: 3E«-*Hr "o V, S. 

17. 

*ll 16 *«*H sa°H. 

(e) 1 ^il oj^iofl ^-71 Sfl^ifljlL #3 51<y*Hr #31, 

(f) ^7] #3 #3j Oj^ofl ^-71 Sfl^lfliS. ^7>S] EfliH S^SRr #31, 

(g) ^-7] -ff-*fl ^1<H^-S1 *H«H*HI*1 ^"71 *fl\fl-a- **H ^"71 ^71-31 Efl^E Aj-g-g. o|^-Al^ O.3.*), ^ #3)cHl 2] *fl 

=M^I i8t"§-°l &JI ^B^lfloflAl ol^^^S. ^ Cj7i|# ^ 7 >S. 3L«-*Hr « 0 V<S. 

^^J" 18. 

19. 

all 17 *J-ofl SZcH^I, -8-71 S-^^- Bfl^H ^^^o. s £^-3*1 Stfe i«hs>^ aj-^. 

^ 17 *ofl 5U«H-H. #71 #3 71^1 nil-*- S«-*>^. #7] -R-^i ojjg. ^]<H^ ^1-g-sH -R-^» 

^T 1 *^ 21. 

^1 16 *J-Oll AA^^I, 
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^■7] *\] i -fj-sfl ^B^oq- a£|-tfH? ^7>2} *B 2 -S-*fl *B£-g- afl^sHr tfTflSAi, ^7) 0]$. a] efl^e 

<&&2\ Bfl^e ^^.-a-fr if-^ afl 2 -&-*fl *B^HlSl o]^.^ 7flta] *fl°1*Rr. *fl 2 *11\t ad* 

#31, 

^fl— — ^IJlS^-El #-S-*l Aj-^-ofl #Al*Hr z\] 1 -e-sfl *fl^ifl°B flfe EliS ^SfflS ^-71 7fl 2 -Ml *B\4.sL-f Efli 
— S^SH. EliS EfliS -tl^-^tl £.^-§1-71 ^ofl Bfl^H *fl 1 -fj-*fl ^B^vflSl Efl^e aP.s. 

3 -g-^V ^2S} 1^ #^ A)l}^r 7^1 £4=., Efl^S £<a«>^ ta-Tfl. 

10 MHz tfl^l 1000 GHz Si ^Sfl^S ^^/^ ^ Als -g-#-g- t^iflfe ^ i£«f ^ <^^ofl o]^ H fl*l 
S}*1 n >g-*l <^^ofl Qx}7]Z^Cl3- ?H-^*Hr #711; 

^71 1M <g^ofl 71^ uflA)l#- ^-g^ xa^]; 

A>7l #Al ^ofl Efl^E Al.if ?1#^Al7)i uBol^^o] Aljr -g-^^- 7]^*\±± #7B; 

ol^jEf i^-*l-7| q- i-Q-^i Sicfjl ^Z^i-. Efl^E AflS-g- ^St-fe- 
Efl^H Ali§ #^1 <^^o)1 ?1#^Al7] JT ^iE A*-g. #3]. 
ffiS -i-^ Hflol^Efo) -g-cj- a>0)o]1 ^o] 7 > ^Cfig n ^o]l- a^SHf #7fl; ^ 

23. 

*B 22 *J-ofl Si^Ai, Aj- 7 1 ^ 5£«h S„^ -g-'iM- M-El-m^ aj-'a. 
^•tF* 24. 

*fl 22 *J-°B 51^^, tf7l EfliE Al^# ^1 <g^ofl ?1#^Al7lJI aflol^sl-o] AlJ: cd±=. cfTflfe: 

oj A > Al^s. ^-A§Al?lfe. -a-7fl; 

^JA> A|i t ^1 ^^oB 7l#^A]7lfe ^711; 

D-*l ^^iLS-^E-l tiVAV^ Al i f 3|^5>^ #31; ^ 

•yA]. Al J: 21 AlS. £ i=. ^AJ-^. tiVA>^ AJ ^ ^Aj-J!]. Hla^ cjTflS. i^fe W Q V^. 

^^*J-25. 

^1 24 *J-oB alolAi, 

^1 1 Efl^B -g-^* #711; ^ 
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flil 41$ -g-^-g- ^71 4 i Efl^e aps. Hl3*Hf- #7)1-1- ^7>S. i^*Hr *g-<g. 

^T 1 *^ 26. 

rttf-^U ^ 7>*lfe SSI =f|£L ^ ^1 1 7j 7\*\V\, ^_0]^0_S_ Aj. 7 | 

^° 0 V ^£-¥-^ frzflJL nfl*l€ -S-^sfl ^<g^, « ^-7] -fr^ ^<a^-2l 1-ellS «fl^l€ $1^3 3*) fc* 

¥t ^ #5-^, ^7] *«3- l-efls «1)*1€ ^<a-¥-, ^ ^7l -S-^l ^^^ai 1-^1 s m\Q 
Q^rQ 3*1 ^* i^Vfe XI 2 ^ -S-g-^; ^.elJL 

#71 XI l * XI 2 ^ ^^Olofl S ^ 7 >^s>7fl n Al-ol^] 7V^^o] 7j 7He]» 
^*J-27. 

XI 26 91°]*), ^-71 *ll 1 -f-^r ^-g-S-, ^ ^l£7>^s|-7fl -¥-^5] Ji #7l £SW 6flx= 7fl1j ). cfjfs|. :£ 
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la 




^154 
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lb 
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3Efl 2a 



3 237 
£5^235 
Teflon -fh^^ 236 




230b 
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2b 




# <a a-a 
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2d 



1/4 20 ^ ,0.5 £ °1 X12 
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£fl 2e 
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3a 
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H^. 3b 



320 — - 



321- 



322- 



I 



323- 



324- 



325^ 



326 



I 



M 



#*|<§«H Efl^E Ajg 




329 



^332 
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3£?! 3c 
S 0 =L. 71 (dB) 
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H*! 3d 



34C 



341" 



342 



343 



344- 
345- 
346~ 
347^ 



35(T^ 



W>] ^ *\*\ 



A l ^ + 



2 «n^s ^ ^3 + 



*0 3 .5XoflAl 



*d 3 n±*=- ^3 + X\q 
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3e 



3 71 Sn 




88»a 
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SL'fi. 3f 



361" 



362- 
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